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DANKWOORD 
 
 De afgelopen weken kwam het zinnetje “We zitten al zo ver” regelmatig voorbij. De 
eindspurt naar “het boekje” ging verbazend snel. Het voelt dan ook een beetje 
onwezenlijk aan om met dit dankwoord de laatste hand te leggen aan mijn 
doctoraatsproefschrift. Ik ben trots dat ik de eindmeet (bijna) bereikt heb. De tocht van 
zeven jaar hiernaartoe is niet altijd even vlot verlopen, maar gelukkig kon ik onderweg 
rekenen op heel wat mensen die me van dichtbij of vanop de zijlijn gesteund en 
aangemoedigd hebben. Ik wil graag ieder van jullie een gemeend dankjewel zeggen! 
 Beginnen doe ik met mijn promotor prof. dr. Roeljan Wiersema die uiteraard een 
groot dankjewel verdient. Zonder hem zou dit proefschrift er niet gekomen zijn. Roeljan, 
ik wil je bedanken voor je kritische ingesteldheid, je oog voor details, je hulp bij EEG-
noodgevallen en de vele babbels die soms niets met het doctoraat te maken hadden. 
Maar ik wil je vooral bedanken voor je betrokkenheid, bezorgdheid en steun. Ik kon 
altijd bij je terecht met mijn vragen en bezorgdheden. Je gaf me het gevoel dat mijn 
doctoraat er toe deed voor jou, ook al wist je dat ik niet verder zou gaan in de 
academische wereld. Bedankt voor je blijvende inzet om dit doctoraat tot een kwalitatief 
eindproduct te brengen. 
 Daarnaast wil ik de leden van mijn begeleidingscommissie, prof. dr. Edmund 
Sonuga-Barke, prof. dr. Marcel Brass en prof. dr. Bruno Verschuere, bedanken voor hun 
interesse in mijn onderzoek en voor hun suggesties en feedback. Edmund, I would like to 
express my appreciation for all your effort. I am very grateful that I could collaborate 
with you on several papers. Your input was inspiring and has increased the quality of the 
papers considerably. Thank you for sharing your expertise and for supplying new ideas 
for the analyses and structure of the papers.  
 Dit doctoraatsproefschrift had er uiteraard nooit kunnen komen zonder de 
medewerking van alle ouders en kinderen die deelgenomen hebben aan het onderzoek. 
Een welverdiende dankjewel voor jullie interesse in het onderzoek en bereidheid om 
deel te nemen. Het was niet altijd evident om de waslijst aan vragenlijsten in te vullen, 
de trip naar Gent te maken, de knopen uit het haar te kammen na het EEG-onderzoek, 
de ADHD-medicatie te stoppen of je peuter van 2 jaar enthousiast te krijgen voor het 
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onderzoek. Maar jullie hebben het allemaal super gedaan en jullie deelname is van 
onschatbaar belang geweest voor het onderzoek. Het waren soms zware 
onderzoeksdagen, maar het contact met jullie heeft me altijd heel veel werkvreugde 
gegeven. Een speciale dankjewel voor de ouders en kinderen die deelgenomen hebben 
aan het JOnG!-onderzoek en jaar na jaar bereid waren om de vragenlijsten in te vullen.  
 Een voldoende grote groep kinderen bij elkaar krijgen is verre van evident. Ik wil dan 
ook graag de dienst kinderneurologie van het UZ Gent bedanken voor onze 
samenwerking en voor het warm maken van ouders om deel te nemen aan het 
onderzoek. Daarnaast een dankjewel aan alle studenten die over de jaren heen een 
aandeel hadden bij de rekrutering van kinderen en geholpen hebben bij het onderzoek. 
Anna, Anne-Charlotte, Elien, Eline, Heleen, Hilde, Jidske, Kay, Laurien, Natalie, Phedra, 
Rachida, Ruth, Samantha en Sara, bedankt voor jullie inzet voor het onderzoek of 
coderen van de data en voor de aangename babbels tijdens of op weg naar het 
onderzoek. 
 Binnen het onderzoekproject JOnG! heb ik mogen samenwerken met een team heel 
fijne collega’s. Ik wil zeker Annelies, Cécile, Nancy, Sara en Sofie bedanken voor de 
samenwerking tijdens het uitvoeren van het onderzoek. Jullie maakten de zware 
onderzoeksdagen met koppige 2-jarigen (of uren wachten omwille van zieke kindjes) 
zoveel dragelijker door het warme contact en de enorme collegialiteit. Ook al kwamen 
we van verschillende vakgroepen en universiteiten, het JOnG!-onderzoek verbond ons 
allemaal. Bedankt Annelies en Sofie in het bijzonder, voor de vriendschap. We hebben 
een aantal jaren lief en leed gedeeld binnen JOnG!, maar ook daarbuiten. We koppelden 
het werk meestal aan iets aangenaams (een meidenavond wanneer we filmpjes 
moesten uitwisselen of een nachtje blijven slapen in Leuven als de vergadering de dag 
erop vroeg begon). Het was fijn om samen met jullie uit te kijken naar de huwelijken en 
geboortes. Bedankt ook Nikita voor de leuke dates buiten het werk waarop we konden 
ventileren, maar ook onze gedachten even konden afleiden van JOnG!. Ik wil ook de 
promotoren van JOnG! en de coördinator Valérie Carette hartelijk bedanken om het 
hele onderzoek zo vlot te laten verlopen en ons als onderzoekers ook een stem te geven 
tijdens de vergaderingen. Ik ben heel dankbaar voor de kans die ik gekregen heb om 
mee te werken aan het JOnG!-project. Het was op alle vlakken een enorme uitdaging en 
ik heb dan ook veel geleerd uit het onderzoek en de samenwerking met alle partijen. In 
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het bijzonder wil ik ook nog prof. dr. Karel Hoppenbrouwers en prof. dr. Karla Van 
Leeuwen bedanken voor het vertrouwen dat ik van hen kreeg en hun positieve 
ingesteldheid bij feedback op mijn papers. 
 Naast deze interuniversitaire groep, maakte ik zeven jaar deel uit van de vakgroep 
Experimenteel-Klinische en Gezondheidspsychologie. Bedankt prof. dr. Geert Crombez 
en prof. dr. Rudi De Raedt, de vorige en huidige vakgroepvoorzitter, voor de kansen die 
jullie me geboden hebben om mijn onderzoek uit te voeren, aan congressen deel te 
nemen en mezelf te ontplooien op vlak van onderwijs. Jullie oprechte interesse naar hoe 
het met mij ging, zowel op het werk als privé, werd enorm geapprecieerd, evenals jullie 
inspanningen om de samenhorigheid in de vakgroep te versterken. 
 Ook een welgemeende dank aan de mensen van het secretariaat: Annick, Linde, 
Sylvie, Willem en Wouter. Ik kon steeds bij jullie terecht voor kleine of grotere 
problemen. Daarnaast mocht ik ook altijd binnen lopen bij jou Sylvie om te ventileren of 
een fijne babbel te hebben. Bedankt voor je aanstekelijk enthousiasme en je sociale 
bewogenheid. Antoine, Kurt, maar vooral Pascal wil ik bedanken voor de technische 
ondersteuning en het oplossen van allerlei EEG-problemen.  
 Op de PP05 mocht ik deel uitmaken van het onderzoeksteam ontwikkelings-
stoornissen. Ik wil graag prof. dr. Herbert Roeyers bedanken voor de vrijheid en het 
vertrouwen dat ik van hem kreeg om de practica te begeleiden en te organiseren. 
Bedankt aan alle vorige en huidige leden van het team, voor jullie teamgeest, 
collegialiteit, steunende woordjes, tips en tricks, fijne babbels en zo veel meer. Mie, jij 
hebt me zowat alles geleerd om een goede assistent te zijn. Bedankt om je 
enthousiasme en passie voor onderwijs door te geven aan mij. En uiteraard bedankt 
voor de vele, vele lunchpauzes die we samen doorbrachten waarin er geventileerd werd 
over het werk, gediscussieerd werd over de practica en de studenten en gedeeld werd 
over de mannen en de kindjes. Vale, door jou kon ik meteen een verbondenheid ervaren 
met de vakgroep, door ons gedeeld enthousiasme voor de nieuwkomersactiviteit. Ik 
voelde me meteen thuis bij jou. Bedankt voor je gastvrijheid, je warme persoonlijkheid 
en je onuitputtelijke bereidheid om anderen bij te staan. Inez, jou wil ik bedanken om 
mij wegwijs te maken in de wereld van het EEG en om samen met Nele alle problemen 
met het EEG te helpen oplossen. Bedankt ook aan Ellen en Vicky om samen met Inez de 
rekrutering van kinderen met ADHD via de dienst kinderneurologie te verzorgen. En nog 
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een speciaal bedankje voor Rachida. Van al mijn masterproefstudenten sprong jij er uit. 
Je inzet, hulpvaardigheid en betrokkenheid sieren jou. Maar daarnaast ben je ook een 
heel aangenaam persoon met het hart op de juiste plaats. Ik vind het dan ook fijn dat ik 
jou in mijn laatste jaar als nieuwe collega mocht begroeten.  
 In die zeven jaar tijd zijn er ook van die bijzondere collega’s geweest met wie ik 
echte vriendschappen heb opgebouwd. Anouk, van het eerste moment dat wij kennis 
gemaakt hebben, was er een klik. Jij was vaak één van de eersten op het werk aan wie ik 
groot nieuws wou vertellen. En dat zal bij het drukken van deze boekjes niet anders zijn. 
Wij hebben samen heel wat gedeeld en ik ben zo blij dat die klik er tot op vandaag nog 
altijd is en dat wij nog steeds onze vreugdes en bezorgdheden kunnen delen en er voor 
elkaar kunnen zijn op belangrijke momenten (geboortegeschenkjes maken, trouwkleed 
kiezen).  
 Sara, jij was er ook al van in het begin bij. We zijn samen gestart en er al meteen 
samen ingevlogen om de beste nieuwkomersactiviteit ooit te organiseren, waar vooral 
wijzelf heel veel plezier aan beleefden en een goeie band aan overhielden. Niet enkel 
hebben we de afgelopen zeven jaar zo goed als alle lunchpauzes samen doorgebracht, 
we hebben ook buiten het werk heel wat meidenavonden en belangrijke momenten 
samen gedeeld. Jouw doorzettingsvermogen en begeestering voor het werk zijn 
bewonderings-waardig. Daarnaast ben je altijd een luisterend oor en zijn jouw 
strijdlustigheid en onrechtvaardigheidsgevoel een heuse steun als er eens iets tegen 
gaat. 
 Annelies, jij kwam als volgende op mijn pad, met de vraag om jou bij te staan in het 
onderzoek van JOnG!. Ik wist toen nog niet dat dit één van de meest intense periodes 
van mijn doctoraat zou worden. En gedurende heel die periode kon ik onvoorwaardelijk 
op jou rekenen. Jouw collegialiteit, efficiëntie, energie en betrokkenheid naar zowel het 
werk als de mensen rondom jou heb ik steeds bewonderd. Het delen van onze 
ervaringen en jouw steun heeft me er zonder twijfel door geholpen tijdens de periode 
van het JOnG!-onderzoek (en daarna). Ook buiten het werk hebben we heel wat toffe 
ervaringen gedeeld. Ik vond het dan ook fantastisch dat jij jouw laatste twee jaren bij mij 
op bureau kwam zitten.  
 Samen met Annelies, verhuisde ook Daisy naar bureau 130.017. Daisy, ik leerde je 
kennen via Annelies en begreep meteen dat zij graag met jou samenwerkte en 
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vriendschap gesloten had met jou. Jij kan enorm veel werk verzetten en bent iemand die 
altijd klaar staat voor anderen en oprecht interesse en bezorgdheid toont naar jouw 
collega’s. Het waren ongetwijfeld de twee mooiste jaren van mijn doctoraat met jullie 
Annelies en Daisy op bureau. Samen konden we aftellen naar de geboorte van Ameya, 
Sem en Lander, en naar het afronden van jullie doctoraat. We konden altijd gewoon 
onszelf zijn en vreugde, frustratie, verdriet, kwaadheid, enthousiasme, … delen met 
elkaar. En ik ben blij dat we elkaar op regelmatige meidenavonden (of -weekends) 
blijven zien!  
  Tijdens mijn zwangerschapsverlof palmde Chloè mijn plaats in en bij mijn terugkeer 
is ze blijven hangen in ons bureau. En maar goed ook! Het was zo makkelijk om 
vriendschap te sluiten met jou, Chloè. Je bent een heel open persoon, met het hart op 
de tong, zonder enige valse schijn. Je bent altijd enthousiast, of het nu gaat over iets van 
het werk of over de kindjes. Ik mag gelijk welk verhaal aan jou doen. Jij hebt mijn 
eindfase een stuk makkelijker gemaakt door je steunende woorden, de vele e-mailtjes 
wanneer ik thuis aan het werken was en door mij te laten ventileren. Of door het 
gewoon eens over iets heel anders te hebben. Ik vind het jammer dat ik er niet meer zal 
zijn als jij neerlegt. Maar ik zal je steunen van waar ik op dat moment ook zit. Je zal dat 
ongetwijfeld tot een goed einde brengen! 
  En last but not least, Elke. Het is onbeschrijfelijk hoeveel ik aan jou gehad heb. Het 
was zo intens om samen met jou door de eindfase te gaan en deze periode te kunnen 
afsluiten. Jij geloofde heel de tijd in mij, soms meer dan dat ik in mezelf geloofde. Door 
onze gezamenlijke tijdsplanning, maar vooral door jouw steunbetuigingen ben ik zo 
rustig kunnen blijven in een nochtans voor de meesten zeer stresserende periode. Jij 
bent zo heerlijk nuchter en recht voor de raap. Dat waardeer ik enorm. En ik hou wel van 
je hoge reactiviteit (om in termen van mijn onderzoek te spreken). Je bent echt! Het 
klikte al van in het begin toen we een kamer deelden in het volledig ondergesneeuwde 
Southampton. We hebben lief en leed gedeeld, in de badkamer in de kelder bij het 
uitwassen van de elektroden, op congres in Glasgow (waar je mij in de watten gelegd 
hebt op mijn 30 weken zwangerschap) en op ons bureau het laatste jaar. Bedankt om er 
voor mij te zijn. Ik hoop van harte dat we hierna elkaar nog tegenkomen, privé of wie 
weet op professioneel gebied. 
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 Naast al deze mensen, die mijn doctoraat van heel dichtbij kunnen volgen hebben, 
zijn er ook vriend(inn)en, die niet altijd goed wisten waarmee ik bezig was (behalve jij 
dan Ellen), maar die ook een belangrijke bijdrage geleverd hebben door te zorgen voor 
de nodige ontspanning en afleiding. Ellen, bedankt voor de vele uren die we samen 
doorgebracht hebben na het werk. Bedankt om mij te motiveren om te sporten zodat ik 
mijn negatieve energie kwijt kon en vooral bedankt voor de vele fijne babbels, desperate 
houseswifes of welness. Het is fijn om iemand te hebben die op zoveel vlakken op mij 
gelijkt en dus heel makkelijk begrijpt wat ik voel. Ik weet dat we elkaar veel minder zien 
nu er kindjes zijn, maar ik hoop dat onze volgende jobs weer wat meer tijd creëren om 
eens samen weg te gaan. Anneke, Anneleen, Anouchka, Ilse, Kristof, Lauren, Liesbeth en 
Thomas, ik vind het steeds weer fantastisch (en niet vanzelfsprekend) dat onze 
vriendschap nog steeds stand houdt. De aaneenschakeling van housewarmings, 
vrijgezellenavonden, huwelijksfeesten en baby-borrels houdt ons contact levendig. Jullie 
kennen me al het langst van allemaal en het doet enorm veel deugd dat we nog steeds 
betrokken zijn in elkaars leven, vooral op de meest belangrijke momenten. Onze 
volgende afspraak wordt een drink voor het behalen van mijn doctoraat! 
 Daniël en Rita, ik wil jullie ook speciaal bedanken voor alle momenten waarop jullie 
de kindjes opgevangen hebben. Zonder jullie hulp was het me nooit gelukt om op tijd 
klaar te geraken.  
 Frederik, ik kan me alleen maar gelukkig prijzen met een broer als jij. Het is tof dat 
we elkaar zo vaak zien en ik steeds aan jou mag vertellen wat me bezighoudt. En dat jij 
het nooit een probleem vindt om de kindjes bezig te houden, integendeel! En je doet dat 
ook fantastisch. Dat beaamt Lander in elk geval want hij vraagt regelmatig naar “keke”. 
Bedankt om er te zijn voor mij en mijn gezin.  
 Lieve ouders, het is niet makkelijk om mijn dank naar jullie te uiten omdat jullie zo 
ontzettend veel voor mij gedaan hebben en nog steeds doen. Jullie hebben me de kans 
gegeven om te studeren wat ik zelf wou en jullie hebben me steeds gesteund in mijn 
keuzes. Jullie zijn er altijd als ik jullie nodig heb, voor advies, hulp in het huishouden, 
hulp met de kindjes, of gewoon om te luisteren. Zonder jullie had mijn doctoraat niet 
mogelijk geweest. Bedankt! 
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 Wim, mijn liefje, zonder jou erbij zou dit alles weinig betekenis hebben. Want jij 
betekent enorm veel voor mij. Niet alleen omdat jij mij graag ziet en onze relatie 
belangrijk vindt, maar ook omdat ik onvoorwaardelijk op jou kan rekenen bijvoorbeeld 
voor het huishouden en de zorg van de kindjes, en dit vol vertrouwen want je doet dat 
fantastisch. Jij hebt het mij zo gemakkelijk gemaakt tijdens mijn hele carrière en vooral 
ook tijdens de laatste weken van het doctoraat. En dat vind ik allesbehalve 
vanzelfsprekend want je schuift daarvoor je eigen werk en ontspanning opzij. Het geeft 
me zoveel rust en steun dat jij aan mijn zijde staat. En dat jij in mij gelooft! Ik zie je 
ontzettend graag en ben zo dankbaar dat ik met jou ons gezin mag delen. 
 En om het rijtje af te sluiten, mijn twee schattekes, Lander en Jonas. Veel mensen 
hebben zich afgevraagd of dat niet druk is met zo twee kleintjes kort na elkaar in de 
eindfase van een doctoraat. En geloof me, ik heb me ook wel eens afgevraagd of dat zo 
slim was, maar eerlijk gezegd zou ik het niet anders gewild hebben. Als er één ding is 
wat ik bij de komst van Lander en Jonas geleerd heb, is het loslaten. Als ik ’s avonds thuis 
kom en jij Jonas met je armpjes en beentjes slaat omdat je jouw mama ziet en jij Lander 
op mama roept en iets van bij Anke vertelt, dan ben ik alles van het werk op slag 
vergeten. Dan ben ik 100% mama en de afleiding die jullie me bezorgen bij elke glimlach, 
knuffel of kus heeft me ongetwijfeld door de laatste 2 jaar van mijn doctoraat geholpen. 
Het is zo fijn om mama te zijn van zo’n twee flinke jongens! Jullie hebben mama heel 
wat moeten missen de afgelopen maanden, maar dat wordt deze zomer ruimschoots 
goedgemaakt! 
 
Valerie, 
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GENERAL INTRODUCTION 
 
 
 
 
 
 
 
The clinical features of attention-deficit/hyperactivity disorder (ADHD), one of the most 
common neurodevelopmental disorders, are assumed to be an expression of underlying 
deficits in core aspects of self-regulation. While the cognitive aspects of self-regulation 
(executive functioning) have received a lot of attention in the literature, the affective 
component (emotion regulation) has been less the focus of studies. In this doctoral 
dissertation, we investigated several aspect of emotion regulation in children with 
ADHD. We start this first chapter by defining ADHD and outlining the etiological factors. 
Next, we define emotion regulation, discuss a theoretical framework for the study of 
emotion regulation and address some measurement issues. Finally, we present our 
research objectives and conclude with an overview of the chapters included in this 
dissertation.  
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CHAPTER 1 
 2 
ATTENTION-DEFICIT/HYPERACTIVITY DISORDER 
Characteristics 
Attention-deficit/hyperactivity disorder (ADHD) is a common neurodevelopmental 
disorder, typically appearing before grade-school entry. Individuals with ADHD are 
characterized by developmentally inappropriate and impairing levels of inattention 
and/or hyperactivity/impulsivity. The Diagnostic and Statistical Manual of Mental 
Disorders, 5th Edition (DSM-5; American Psychiatric Association, 2013) sets out the 
diagnostic criteria and specifies three presentations of the disorder: (a) a combined 
presentation in which six out of nine symptoms of both inattention and 
hyperactivity/impulsivity were present in the past 6 months, (b) a predominantly 
inattentive presentation in which six out of nine symptoms of inattention were present 
in the past 6 months, and (c) a predominantly hyperactive/impulsive presentation in 
which six out of nine symptoms of hyperactivity/impulsivity were present in the past 6 
months. It is further required that the symptoms are manifested before the age of 12 
and in more than one setting (e.g., in the home context, at school, during other 
activities). In addition, the diagnosis implicates impairments in everyday functioning, 
resulting in school- or occupation-related problems and social dysfunctions such as 
disrupted peer- and family relations (American Psychiatric Association, 2013; Nijmeijer 
et al., 2008; Wehmeier, Schacht, & Barkley, 2010).  
ADHD affects worldwide 3.4% of children and adolescents (Polanczyk, Salum, 
Sugaya, Caye, & Rohde, 2015). Boys receive the diagnosis two times more often than 
girls (American Psychiatric Association, 2013; Willcutt, 2012). In clinical samples, this 
gender ratio is even higher (Biederman & Faraone, 2005). 
The children with ADHD included in the studies in this dissertation all received a 
clinical diagnosis based on the previous version of the DSM (4th edition, text revision 
[DSM-IV-TR]). Instead of temporary presentations, DSM-IV-TR defined subtypes, which 
are highly similar to the presentations because only minor changes have been made in 
the criteria of inattention and hyperactivity/impulsivity. Furthermore, the age of first 
occurrence of the symptoms was set at 7 years in DSM-IV-TR (American Psychiatric 
Association, 2000). 
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In addition to the core symptoms as determined by the DSM-5, other diagnostic 
features have been associated with ADHD (American Psychiatric Association, 2013). An 
important related feature, that was recognized as a key symptom in early 
conceptualizations of ADHD (Clements, 1966), is emotional dysregulation, causing more 
severe impairment (Shaw, Stringaris, Nigg, & Leibenluft, 2014). It expresses itself in more 
intense, excessive emotional reactions to everyday situations, discordant with social 
norms (Anastopoulos et al., 2011). Moreover, children with ADHD are experienced as 
emotionally labile (Anastopoulos et al., 2011; Skirrow, McLoughlin, Kuntsi, & Asherson, 
2009; Sobanski et al., 2010; Stringaris & Goodman, 2009), displaying mood swings, short-
temperedness, irritability, and low frustration tolerance (Sobanski et al., 2010). A recent 
review concluded that the prevalence of emotional dysregulation ranges from 25% to 
45% in children and from 30% to 70% in adults with ADHD (Shaw et al., 2014).  
Emotional dysregulation is not uniquely associated with ADHD as it is also related to 
other, sometimes comorbid, disorders such as anxiety, depression, bipolar disorder, 
oppositional defiant disorder and conduct disorder (Connor, Steeber, & McBurnett, 
2010; Meinzer, Pettit, & Viswesvaran, 2014; Skirrow, Hosang, Farmer, & Asherson, 2012; 
Steinberg & Drabick, 2015; Tsang et al., 2015). Besides those conditions, autism 
spectrum disorder, learning disabilities, tic disorders, language disorders, and motor 
incoordination have also been found to co-occur with ADHD (El Malhany, Gulisano, 
Rizzo, & Curatolo, 2015; Leitner, 2014; Loh, Pick, & Barrett, 2011; Mueller & Tomblin, 
2012; Voeller, 2004).  
Causes and risk factors 
There is no single causal risk factor for ADHD but various risk factors including 
genetic and environmental factors, as well as their interplay, contribute to the 
development of ADHD (Thapar, Cooper, Eyre, & Langley, 2013).  
Several twin studies estimate the heritability of ADHD between 71% and 90% 
(Thapar et al., 2013). The risk for ADHD cannot be explained by one single gene, instead 
multiple gene variants have been associated with ADHD. The most commonly 
investigated candidate genes, that have been most consistently associated with ADHD, 
are dopaminergic genes (DRD4, DRD5, and DAT1), serotonergic genes (5HTT and HTR1B), 
and the synaptosomal-associated protein 25 (SNAP-25) gene (Faraone & Mick, 2010; 
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Gizer, Ficks, & Waldman, 2009). Most of the studies on candidate genes have searched 
for common genetic variants. However, common variants only account for 5% of the 
variance (Hudziak & Faraone, 2010) and none of the single gene variants so far could 
reach genome-wide significance (Neale et al., 2010; Thapar et al., 2013). Therefore, rare 
genetic variants, more specifically chromosomal duplications and deletions known as 
structural or copy number variants (CNVs), are more and more the subject of studies 
(Thapar et al., 2013). Individuals with ADHD have been found to have an excessive 
number of large CNVs compared to controls (Stergiakouli et al., 2012; Williams et al., 
2012; Williams et al., 2010). Those individuals will develop ADHD even with less loading 
of multiple common genetic risk variants, corresponding with a polygenic liability 
threshold model (Martin, O'Donovan, Thapar, Langley, & Williams, 2015).  
Importantly, there is also an interplay between the genetic risk for ADHD and 
environmental risk factors (Nigg, Nikolas, & Burt, 2010). A lot of research has focused on 
possible environmental risk factors including pre- and perinatal factors, exposure to 
toxins, and psychosocial adversity. Maternal smoking, alcohol, and substance misuse 
during pregnancy, prenatal maternal stress, low birth weight, prematurity, and exposure 
to lead, pesticides, or polychlorinated biphenyls have been found to highten the risk for 
ADHD. However, it has not yet been proven that these risk factors are in fact causal risk 
factors (for reviews, see e.g., Latimer et al., 2012; Thapar et al., 2013; Tiesler & Heinrich, 
2014; Yolton et al., 2014). Psychosocial characteristics of the family (e.g., low income) or 
the parent-child relationship (e.g., hostility, conflict) have been found to associate with 
ADHD but the direction of effects is not clear and with the exception of severe early 
deprivation, no conclusions about causality can be made so far (Thapar et al., 2013).  
ADHD as a disorder in self-regulation  
Several theories have attempted to explain the variety of clinical features and 
cognitive deficits associated with ADHD by means of an underlying core 
neuropsychological deficit. We limit ourselves for this dissertation to the most influential 
theories. These theories emphasize key aspects of self-regulation including executive 
functioning, state regulation, and motivation (Nigg, 2005). One of the most influential 
accounts is the executive dysfunction theory set out by Barkley (1997). Executive 
functions (EFs) are essential for self-regulation for they refer to a collection of higher-
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order top-down cognitive functions employed to achieve goals (Castellanos, Sonuga-
Barke, Milham, & Tannock, 2006). According to this theory, children with ADHD are 
characterized by a core deficit in behavioral inhibition, and consequently by other 
disrupted EFs including self-regulation of affect, motivation and arousal. Although there 
is a lot of evidence supporting this model, it has been proven that EF deficits are not 
universal among individuals with ADHD (Willcutt, Doyle, Nigg, Faraone, & Pennington, 
2005). Moreover, EFs have been seen as dynamic processes and cognitive and 
performance deficits are assumed to be highly context dependent in ADHD (Nigg & 
Casey, 2005; Sonuga-Barke, Wiersema, van der Meere, & Roeyers, 2010). This is stressed 
in later theoretical accounts such as the state regulation model (Sergeant, 2000, 2005), 
which found its roots in the cognitive-energetic model of Sanders (1983). The latter 
model conceives the efficiency of task performance as a result of processing stages (i.e., 
encoding, central processing, response organization) and energetic factors (i.e., arousal, 
activation, effort). When the energetic state (arousal/activation) is not optimal, extra 
effort allocation is required to meet the demands of the environment and perform well. 
According to the state regulation account, the main deficit in ADHD lies in a failure to 
regulate sub-optimal energetic states resulting for example from the event rate of a 
task. Another important etiological theory that supports the context-dependent nature 
of ADHD is the delay aversion theory. This theory assumes underlying alterations in 
motivational style as a result of which responses and choices are influenced by delay 
(Sonuga-Barke, Taylor, Sembi, & Smith, 1992). A few more models assuming core 
motivational deficits have been developed (e.g., Haenlein & Caul, 1987; Quay, 1997; 
Sagvolden, Aase, Zeiner, & Berger, 1998). However, these models will not be discussed. 
Because none of the theoretical accounts was successful in explaining all symptoms 
of ADHD and not all children have been marked by the same deficits, ADHD is now seen 
as a heterogeneous condition, both in clinical expression and at the neuropsychological 
level (Nigg, 2005; Sonuga-Barke, Wiersema, et al., 2010). Therefore, it is recognized that 
multiple causal and developmental pathways can lead to ADHD (e.g., Sjöwall, Roth, 
Lindqvist, & Thorell, 2013; Sonuga-Barke, 2003; Sonuga-Barke, Bitsakou, & Thompson, 
2010). Although they all assume different deficits in ADHD, we can conclude from the 
theoretical accounts, as Nigg (2005) stated, that ADHD “is not seen as a disorder of 
attention at all but as a disorder in key aspects of self-regulation” (p. 1424). Although 
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the different models focus on several aspects of self-regulation, little attention has been 
paid to emotion regulation in the literature.  
Recently, there has been a renewed interest in the features of emotional 
dysregulation in ADHD and more research has focused on investigating processes that 
underlie symptoms of emotional dysregulation. Both bottom-up (i.e., the level and 
intensity of positive and negative emotional reactions, called reactivity) and top-down 
processes (i.e., the regulation of reactivity, called emotion regulation) may underpin 
emotional dysregulation in ADHD (Posner et al., 2011; Shaw et al., 2014). Based on the 
temperament literature, reactivity and effortful control (the broader self-regulatory 
aspect of temperament) have been assumed to contribute to the development of ADHD 
via different pathways (Nigg, Goldsmith, & Sachek, 2004). Children with ADHD are 
characterized by high levels of reactivity and low levels of effortful control (De Pauw & 
Mervielde, 2011; Martel, Gremillion, & Roberts, 2012; Martel, Gremillion, Roberts, 
Zastrow, & Tackett, 2014; Martel & Nigg, 2006; Nigg et al., 2004; Wiersema & Roeyers, 
2009). Furthermore, high levels of negative reactivity and low levels of emotion 
regulation early in life have been linked to ADHD and constitute therefore a possible risk 
factor for the development of ADHD (Auerbach et al., 2008; Gurevitz, Geva, Varon, & 
Leitner, 2014; Halligan et al., 2013; Sjöwall, Backman, & Thorell, 2015; Sullivan et al., 
2015; Wakschlag et al., 2015). 
Given the importance of emotional dysregulation in (the development of) ADHD, it 
is important to get more insight into underlying processes that contribute to the clinical 
picture of emotional dysregulation. Especially more research on emotion regulation is 
needed because studies have only started to unravel different aspects of emotion 
regulation in ADHD. 
EMOTION REGULATION 
First things first; to get a better picture on emotion regulation in ADHD, we have to 
define the concept. In addition, an overview of the possible measures will be provided. 
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Definition 
It is very challenging to generate a definition of emotion regulation and accordingly 
no consensus has been achieved yet (Cole, Martin, & Dennis, 2004; Thompson, 1994). 
One of the reasons is the lack of a unified theory on the nature of emotions. 
Nevertheless, some common assumptions arise in most emotion theories. Emotions are 
biologically rooted, dynamic processes that unfold over time and include an appraisal of 
the situation and action-readiness tendencies (Campos, Frankel, & Camras, 2004; Cole et 
al., 2004). The appraisal and action tendencies imply that emotions are regulatory, 
having an effect on the experience and behavior. In addition, emotions are regulated but 
distinguishing the activated emotion, which has regulatory capacities, and the regulation 
of that emotion is challenging, both on a conceptual level and by means of measures 
(Cole et al., 2004). There is debate whether emotion and emotion regulation are two 
distinct processes or two different aspects of a single process (Campos et al., 2004; Cole 
et al., 2004). The distinction between the activated emotion and emotion regulation is in 
accord with the subdivision of temperament in emotional reactivity and effortful control 
(Eisenberg, Spinrad, & Eggum, 2010). 
A lot of research has referred to the working definition of emotion regulation by 
Thompson (1994): “Emotion regulation consists of the extrinsic and intrinsic processes 
responsible for monitoring, evaluating, and modifying emotional reactions, especially 
their intensive and temporal features, to accomplish one’s goals” (p. 27-28). According 
to this definition, both extrinsic (the parent helps regulating the child’s emotion) and 
intrinsic (the child regulates its own emotion) processes can direct emotion regulation. 
Moreover, emotion regulation does not only contain the modification of emotions, it 
also involves the maintenance of an emotional state. Rather than the emotion itself, the 
intensity of the emotion, the onset of recovery, and the persistence over time are 
managed. Finally, emotion regulation is functional as it serves a goal (Thompson, 1994).  
In this dissertation, we use the definition of emotion regulation by Thompson, but 
we did not study extrinsic regulation. Because it has been argued that it is useful to 
differentiate between regulation initialized by the child or by someone outside the child 
(Eisenberg & Spinrad, 2004), emotion regulation has been narrowed to its intrinsic 
component by Eisenberg, Hofer, and Vaughan (2007). They defined emotion-related 
self-regulatory processes, as “processes used to manage and change if, when, and how 
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(e.g., how intensely) one experiences emotions and emotion-related motivational and 
physiological states, as well as how emotions are expressed behaviorally” (p. 288). This 
definition is consistent with the theoretical framework of Gross’ process theory on 
emotion regulation (Gross & Thompson, 2007), recognizing a continuum from conscious 
and effortful processes to rather automatic, unconscious control processes. 
Nonetheless, Eisenberg et al. (2005, 2009) have argued that effortful processes should 
be differentiated from automatic processes. In the studies in this dissertation, we only 
focus on effortful processes.   
Because emotions comprise different facets, regulatory processes can act upon all 
these facets, including physiological processes, cognitive appraisals, attention processes, 
and response tendencies (Thompson, 1994). While the emotion unfolds over time, 
regulation can occur at each step, even before the emotion is manifested (Campos et al., 
2004). The process model of Gross, an information-processing model, classifies 
therefore five families of emotion regulation strategies, targeting five steps in the 
emotion-generative process. The four antecedent-focused strategies (situation 
selection, situation modification, attentional deployment, and cognitive change) operate 
respectively on the situation that elicits the emotion, the attention processes and the 
appraisal of the emotion, whereas the response-focused strategy (response modulation) 
operates on the response tendencies (Gross, 1998; Gross & Thompson, 2007). 
Measurement 
The multifaceted nature of emotions and emotion regulation has led to a range of 
methods to capture one or more of these facets. Common methods in children’s 
emotion regulation research are self-report, report by other informants (parents, 
teachers, peers), observational paradigms, and neurophysiological measures (Zeman, 
Klimes-Dougan, Cassano, & Adrian, 2007). The first three methods have been frequently 
used in studies on emotion regulation in ADHD (for an overview, see Shaw et al., 2014). 
In addition, experimental paradigms have found an entrance in emotion regulation 
research, through the study of EFs, which are assumed to be interrelated to emotion 
regulation (Barkley, 1997; Zelazo & Cunningham, 2007). In daily life, emotion regulation 
is often not the primary goal but is necessary to achieve another goal. Commonly, 
cognitive processes have to take place in emotionally demanding situations, requiring 
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efficient allocation of attention (Dennis, Malone, & Chen, 2009; Zelazo & Cunningham, 
2007). Therefore, researchers have added an emotional dimension to known EF tasks to 
investigate distractibility or interference of emotional stimuli (e.g., emotional Stroop 
task, emotional n-back task) (López-Martín, Albert, Fernández-Jaén, & Carretié, 2013; 
Marx et al., 2011; Passarotti, Sweeney, & Pavuluri, 2010a, 2010b; Posner et al., 2011). 
Only a few studies have investigated emotion regulation by means of such experimental 
paradigms in ADHD, despite their advantages compared to self- or other-reports and 
observational paradigms. They are not only independent of biases (see Zeman et al., 
2007) but are also situated at the neuropsychological level, producing the possibility to 
infer underlying processes of emotional dysregulation. So far, in ADHD, experimental 
paradigms have only focused on attentional deployment. However, it would be very 
interesting to use experimental paradigms to investigate other strategies classified in 
Gross’ process model (Gross & Thompson, 2007), especially cognitive reappraisal which 
is difficult to measure reliably with self- and other-reports (Zeman et al., 2007). 
A very promising way to measure cognitive reappraisal is to use event-related 
potentials (ERPs). ERPs are highly suitable to illuminate cognitive processes underlying 
emotion regulation and, because of their excellent temporal resolution, to study the 
temporal unfolding of emotion regulation processes (Banaschewski & Brandeis, 2007; 
Dennis, 2010). Moreover, they may offer a solution to the issue of distinguishing 
emotional reactivity and emotion regulation. Recently, studies have started to use the 
late positive potential (LPP) as a marker for emotion processing and emotion regulation. 
Although the evidence is still preliminary and mainly based on adult studies, the LPP 
might be a promising neural marker that could be used in the study of emotion 
regulation (Babkirk, Rios, & Dennis, 2014; Dennis & Hajcak, 2009). However, studies 
using the LPP as an index of cognitive reappraisal in ADHD are currently lacking. 
RESEARCH OBJECTIVES OF THE DISSERTATION 
The main objective of the present dissertation was to gain more insight into the 
ability of children with ADHD to self-regulate their emotions. Although self- and other-
reported emotion regulation skills and observations of children with ADHD in frustrating 
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situations point to emotional dysregulation (Shaw et al., 2014), experimental paradigms 
investigating the cognitive control of emotions yield inconsistent results (Köchel, 
Leutgeb, & Schienle, 2014; López-Martín et al., 2013; Passarotti et al., 2010a, 2010b; 
Posner et al., 2011). Moreover, because these paradigms assess EFs in an emotional 
context, conclusions about whether emotion regulation is impaired due to specific 
emotional deficits or generic EF deficits cannot be made. In addition, the experimental 
studies mainly focused on attentional control but insufficient light has been shed on 
other aspects of emotion regulation. Therefore, we aimed to investigate different 
emotion regulation strategies with several experimental paradigms in children with 
ADHD and their typically developing (TD) peers. We focused on the strategies cognitive 
change and response modulation besides attentional deployment, after the process 
model of Gross. 
A second important aim of this dissertation was to test the hypothesis that 
emotional dysregulation could serve as an early marker for ADHD. Preliminary results 
from the literature point in that direction (Auerbach et al., 2008; Gurevitz et al., 2014; 
Healey, Marks, & Halperin, 2011; Jarrett, Gilpin, Pierucci, & Rondon, 2015; Martel et al., 
2012; Martel et al., 2014; Martel, Roberts, & Gremillion, 2013; Sjöwall et al., 2015; 
Sullivan et al., 2015) but the studies contend with some problems including the lack of 
longitudinal designs, specifically for emotion regulation. In the final empirical chapter, 
this hypothesis was addressed in a longitudinal design in 24-month-old children. In 
addition to the regulatory aspect of emotion, emotional reactivity was included because 
heightened reactivity to anger/frustration has been recognized as a clinical feature of 
emotional dysregulation in ADHD (Shaw et al., 2014) and found to predict ADHD 
symptoms or liability (Auerbach et al., 2008; Gurevitz et al., 2014; Sullivan et al., 2015). 
OVERVIEW OF THE CHAPTERS 
In the following chapters, five empirical studies are reported, that were based on 
three different samples, two of them including children with ADHD and TD children, and 
one including infants. 
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In Chapter 2, an emotional n-back task was used to investigate attentional control of 
emotional stimuli in children with ADHD compared to TD children. A first aim of the 
study was to investigate if children with ADHD encounter problems with this specific 
aspect of emotion regulation. The second aim was to examine if poor emotion 
regulation could be explained by a generic deficit in cognitive control. For that purpose, 
distraction by emotional information was compared to distraction by neutral 
information to infer emotional interference and in addition distraction by neutral 
information was compared to no distraction to infer generic interference control. 
Chapter 3 focused on the modulation of response tendencies and aimed to 
investigate if children with ADHD encounter difficulties in overriding the natural 
tendency to approach positive and avoid negative stimuli. In an approach-avoidance 
paradigm, children were asked to either follow this natural tendency or act against it. 
The difference between these conditions, called the congruency effect, was compared 
between children with ADHD and TD children. 
Cognitive reappraisal was the subject of Chapter 4. The reappraisal skills were 
analyzed in an ERP-task in which negative pictures were combined with either a negative 
story, or a neutral, reappraising story. The LPP following these pictures has been shown 
to be modulated by reappraisal, with reduced amplitudes (Dennis & Hajcak, 2009). We 
hypothesized that cognitive reappraisal would be less effective in children with ADHD. 
The LPP modulation of children with and without ADHD was compared and associated 
with self-reported reappraisal and ADHD symptom severity. 
Although in Chapter 4 the groups could be separated based on the LPP modulation, 
this index varied a lot between children, also in the control group. Because previous 
findings from the literature have suggested an effect of age on the sensitivity of the LPP 
as neural marker for cognitive reappraisal (DeCicco, O'Toole, & Dennis, 2014), we 
conducted an extra study to interpret the results of Chapter 4. In Chapter 5, a larger 
group of TD children with a wider age range was included to test the hypothesis that LPP 
modulation as an index of cognitive reappraisal is dependent on age. The sample was 
subdivided in two age groups (8- to 11-year-olds and 12- to 15-year-olds) and again 
correlations with self-reported reappraisal were calculated. 
In the last empirical chapter, Chapter 6, the predictive value of emotional 
dysregulation for later symptoms of ADHD (at age 4-5 years) was investigated in a 
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prospective, longitudinal design. This study did not only focus on emotion regulation, 
but also on emotional reactivity, more specifically reactivity to anger/frustration, called 
irritability. Of particular interest was the possible moderating effect of emotion 
regulation. At 24 months, emotion regulation was measured and coded in a frustration 
eliciting paradigm and irritability was reported by the parents. Besides symptoms of 
ADHD, conduct problems and emotional problems were measured at 4-5 years with the 
purpose to identify shared and unique predictors for later ADHD symptoms.  
Finally, Chapter 7 provides an integrated overview and general discussion of the 
main findings of this dissertation. In addition, methodological considerations, theoretical 
and clinical implications, limitations and guidelines for future research are outlined. 
It should be noted that this dissertation consists of several research papers, which 
have been published, are currently under editorial review or have been submitted. Since 
each of the manuscripts is a self-contained manuscript, which should be able to stand on 
its own, the text of some of the chapters may partially overlap. 
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“TURNING DOWN THE HEAT”: IS POOR 
PERFORMANCE OF CHILDREN WITH ADHD 
ON TASKS TAPPING “HOT” EMOTIONAL 
REGULATION CAUSED BY DEFICITS IN 
“COOL” EXECUTIVE FUNCTIONS?
1
 
ABSTRACT 
Emotional dysregulation in daily life is very common in children with attention-
deficit/hyperactivity disorder (ADHD). It is however not clear whether this reflects a 
specific deficit or that it may be the result of generic executive function deficits. The 
current study addresses this question by means of an emotional working memory (WM) 
task with 2 memory load conditions and four possible backgrounds (blank screen, 
neutral, positive or negative picture), which was administered to 38 typically developing 
children and 29 children with ADHD. Children responded slower on trials when negative 
pictures were presented at the background versus when neutral pictures were 
presented, indicating an emotional interference effect; however crucially, groups did not 
differ in this respect. Reaction times were also slower on trials with a neutral picture as 
background versus trials without a picture, with children with ADHD showing an 
enhanced interference effect. There was a main effect of WM load on performance, but 
it did not interact with interference or group effects. To summarize, the findings indicate 
a generic interference control deficit in the children with ADHD in the current sample, 
while they could not provide support for an emotional interference deficit.  
 
                                                          
1
 Based on Van Cauwenberge, V., Sonuga-Barke, E. J. S., Hoppenbrouwers, K., Van Leeuwen, K., & 
Wiersema, J. R. (2015). "Turning down the heat": Is poor performance of children with ADHD on tasks 
tapping "hot" emotional regulation caused by deficits in "cool" executive functions? Research in 
Developmental Disabilities, 47, 199-207. doi: 10.1016/j.ridd.2015.09.012 
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INTRODUCTION 
Attention-deficit/hyperactivity disorder (ADHD) is a very common neuro-
developmental disorder with a childhood onset, which often persists into adulthood 
(Polanczyk, de Lima, Horta, Biederman, & Rohde, 2007; Willcutt, 2012). According to the 
Diagnostic and Statistical Manual of Mental Disorders 5 (DSM-5), ADHD is characterized 
by symptoms of inattention and/or hyperactivity and impulsivity (American Psychiatric 
Association, 2013). Although no longer diagnostic, impaired emotion regulation is 
common amongst individuals with ADHD throughout the lifespan (Shaw, Stringaris, Nigg, 
& Leibenluft, 2014) – and believed to be an important element in functional impairment 
in daily life (e.g., Anastopoulos et al., 2011). Recently, there is a renewed interest in 
emotion regulation in ADHD. In their review, Shaw et al. (2014) defined emotional 
dysregulation as excessive and inappropriate emotional reactions with regard to social 
norms; emotional lability characterized by rapid mood shifts; and disrupted allocation of 
attention to emotional stimuli. They concluded that some form of emotional 
dysregulation is present in 25-45% of children and 30-70% of adults with ADHD. 
Evidence for these prevalence rates was found in epidemiological studies based on self- 
and parent-reports, and studies investigating reactive aggression as a reflection of 
emotional dysregulation (Shaw et al., 2014). Emotional lability, which is characterized for 
instance by irritability, hot temper and sudden mood shifts, is often linked with ADHD 
(e.g., Skirrow et al., 2014; Sobanski et al., 2010). In addition to epidemiological studies, 
studies using frustration-inducing tasks to provoke emotional dysregulation have 
demonstrated that children with ADHD are characterized by less effective emotion 
regulation (less use of accommodation and more use of negative responses) and more 
intense emotional expression than typically developing children (e.g., Maedgen & 
Carlson, 2000; Melnick & Hinshaw, 2000; Walcott & Landau, 2004). 
The presence of emotional dysregulation in ADHD has been linked to dysregulation 
of underlying neuropsychological processes such as executive functions (EFs) (Barkley, 
1997). In domains such as response inhibition and working memory (WM), EF deficits 
have been identified in ADHD (Lijffijt, Kenemans, Verbaten, & van Engeland, 2005; 
Martinussen, Hayden, Hogg-Johnson, & Tannock, 2005; Willcutt, Doyle, Nigg, Faraone, & 
Pennington, 2005). In daily life however cognitive control often has to be applied in 
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situations when individuals have to process affectively charged stimuli in an emotionally 
salient environment. In this sense emotion regulation is likely to be underpinned by 
broader aspects of self-regulation and executive control (Rothbart & Bates, 2006). As a 
result, emotion regulation has been broadly defined as: ‘‘the extrinsic and intrinsic 
processes responsible for monitoring, evaluating, and modifying emotional reactions, 
especially their intensive and temporal features, to accomplish one’s goals’’ (Thompson, 
1994, p. 27-28). EFs are therefore likely to be important for effective emotion regulation 
(Ochsner & Gross, 2007) as they provide goal maintenance and inhibition of irrelevant 
(emotional) distractors. Nevertheless, debate continues with regard to whether emotion 
regulation is an integral part of EF or has an influence beyond EF as well as on how 
functions in these two domains are interrelated in ADHD. The key question appears to 
be: Is emotional dysregulation in ADHD the result of generic EF deficits (so called cool EF) 
or has it a distinctive emotional component that is specifically impaired in the disorder 
(so called hot EF)? Interestingly, recent evidence suggests that there is only a partial 
overlap between emotion regulation problems and EF deficits in predicting ADHD, as 
emotion regulation independently contributed to the distinction between children with 
ADHD and typically developing children (Banaschewski et al., 2012; Berlin, Bohlin, 
Nyberg, & Janols, 2004; Sjöwall, Roth, Lindqvist, & Thorell, 2013).  
Recently, researchers have started to study emotion regulation by using EF tasks 
that include an emotional dimension. However, so far only a few studies have applied 
emotional EF tasks in ADHD, and although results in general confirm disrupted emotion 
regulation, findings across studies are not fully consistent. Köchel, Leutgeb, and Schienle 
(2014) used an emotional go/no-go task and found an impairment to inhibit responses 
toward angry faces in children with ADHD compared to healthy controls. In another 
study, a digit categorization task was used with emotional and neutral pictures in the 
background. Boys with ADHD were found to be slower when confronted with emotional 
distractors compared to neutral distractors, whereas typically developing controls 
showed no such effect (López-Martín, Albert, Fernández-Jaén, & Carretié, 2013). A study 
by Posner et al. (2011) reported a greater interference effect for error rates in 
adolescents with ADHD compared to typically developing controls when negative words 
were presented in an emotional stroop task. In addition, the adolescents with ADHD also 
experienced a greater cognitive distraction. In contrast, no differences in emotional 
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interference between children with ADHD and typically developing children were 
observed by Passarotti, Sweeney and Pavuluri, who applied a WM task (n-back) with 
emotional faces (2010b), and an emotional stroop task in another study (2010a). The, to 
our knowledge, only study on adults reported that subjects with ADHD exhibited lower 
rates of accuracy in a n-back task compared to control subjects, indicating enhanced 
distractibility by emotionally salient stimuli (Marx et al., 2011). Finally, the study of 
Passarotti et al. (2010a) found ADHD-related reduced activity in the ventrolateral 
prefrontal cortex despite the lack of differences in behavioral performance, which may 
indicate the use of compensatory strategies.  
In the current study, an emotional n-back task was used to study emotion regulation 
in children with ADHD (Ladouceur et al., 2005). Participants had to perform a non-
emotional WM task while irrelevant emotional information appeared in the background. 
Participants with weakened abilities in regulating their responses to ignore the 
emotional information were expected to produce slowed reaction times or lower 
accuracy in high emotion conditions. In contrast with previous studies comparing neutral 
with positive and/or negative stimuli, we included a fourth condition in this task, 
resulting in four backgrounds: a black screen, a neutral picture, a negative picture and a 
positive picture. The inclusion of a condition without any background information made 
it possible to distinguish a general interference deficit (whereby any distracting 
information affects performance – a situation commonly seen in ADHD) from a specific 
problem of emotional interference (whereby especially emotionally charged stimuli 
affect performance). More specifically, it was predicted that if children with ADHD have 
difficulties specifically during emotion regulation tasks, any general effect of neutral 
background distractors would be exacerbated when strong, arousing emotional content 
is added. Their performance would deteriorate significantly more on trials with 
emotionally charged distractors compared to neutral distractors than on neutral trials 
compared to no information trials. We also incorporated two memory-load conditions 
— no memory load (0-back) and memory load (1-back) — to examine the distinct impact 
of memory load on emotion regulation abilities. 
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METHOD 
Participants 
Approximately half of the children included in this study participated in a larger 
cohort study of the Flemish government, named JOnG! 
(http://www.steunpuntwvg.be/jong). The current study is only one part of this larger 
study, carried out by the universities of Ghent and Leuven and approved by the ethical 
committees of both universities. More information about the design of the larger cohort 
study can be found in Grietens, Hoppenbrouwers, Desoete, Wiersema, and Van 
Leeuwen (2010). Children whose parents indicated that they had a clinical diagnosis of 
ADHD were included in the current study, as well as typically developing (TD) children 
without any emotional, behavioral or developmental disorder. Children in both groups 
were between the age of 8 and 15 years old. Additional participants were recruited 
through word of mouth and advertisement via the experimenters, resulting in a total of 
83 children, 44 TD children and 39 children with ADHD. ADHD diagnosis was verified by 
means of the disruptive behavior disorders module of the Diagnostic Interview Schedule 
for Children - IV (Schaffer, Fisher, Lucas, Dulcan, & Schwab-Stone, 2000; Dutch 
translation: Ferdinand & van der Ende, 2002). This interview, based on the criteria of the 
DSM-IV-TR, was administered to the parents of children with a clinical ADHD diagnosis. 
Thirty-three of the 39 children met the criteria for ADHD of whom 15 had ADHD 
combined type, 14 ADHD inattentive type, and four hyperactive-impulsive type. The 
remaining six children were excluded from the study, because they did not meet the 
diagnostic criteria for ADHD. In addition, 11 children were identified as having comorbid 
oppositional defiant disorder (ODD). The parents of one child also reported a 
developmental coordination disorder and the parents of six children reported a learning 
disorder. Children with ADHD, who were taking medication (23 used methylphenidate, 
no other medication was used), were medication free at least 24 hr prior to the 
experiment. All the children were required to have a total IQ of 80 or more and were not 
allowed to score above the cut off of the Social Communication Questionnaire (SCQ; 
Rutter, Bailey, & Lord, 2003; Dutch translation: Warreyn, Raymaekers, & Roeyers, 2004), 
a screener for symptoms of autism spectrum disorders as defined by DSM-IV-TR. 
Intelligence was evaluated by an abbreviated version of the Wechsler Intelligence Scale 
for Children - Third edition - NL, including the subtests similarities, picture arrangement, 
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block design, and vocabulary (Grégoire, 2000; Wechsler, 1991; Dutch translation: Kort et 
al., 2005). In addition, children in the TD group had to score within the normal range of 
the Disruptive Behavior Disorder Rating Scale (DBDRS; Pelham, Gnagy, Greenslade, & 
Milich, 1992; Dutch translation: Oosterlaan et al., 2008) for DSM-IV-TR-symptoms of 
ADHD. Due to these criteria, nine children were excluded (five TD children and three 
with ADHD). One more TD child was excluded from the analyses because he did not 
follow the instructions and performed the wrong memory load task in one block. The 
characteristics of the 38 remaining TD children (25 boys) and the 29 children with ADHD 
(20 boys) can be found in Table 1. 
Table 1  
Means and Standard Deviations for Gender Distribution, Age, Estimated IQ and Scores on 
the DBDRS and SCQ for the Study Sample 
 TD ADHD   
Variables M SD M SD χ
2
 (df) / t (df)
 a
 p 
Boys/girls 25/13  20/9  0.08 (1) .784 
Age (years) 11.18 2.60 11.03 2.67 0.23 (65) .818 
Estimated IQ 106.84 13.76 103.14 12.08 1.15 (65) .254 
DBDRS - INATT 10.92 1.24 14.28 1.69 -9.39 (65) <.001 
DBDRS - HYP/IMP 10.45 0.95 13.96 2.55 -6.96 (32.58) <.001 
SCQ - TOT 4.39 3.43 6.89 3.84 -2.97 (65) .004 
Note. TD = typically developing children; DBDRS - INATT = standard score for the inattentive subscale of 
the Disruptive Behavior Disorder Rating Scale; DBDRS - HYP/IMP = standard score for the 
hyperactive/impulsive subscale of the Disruptive Behavior Disorder Rating Scale; SCQ - TOT = total score 
for the Social Communication Questionnaire. 
a 
χ
2
 statistic for analyses with gender distribution; t statistic for analyses with age, estimated IQ, and scores 
on questionnaires. 
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Measures 
Emotional n-back (E-n-back) task. The E-n-back task used in the current study is 
based on the task used by Ladouceur et al. (2005) who in turn adopted it from Casey, 
Thomas, Welsh, Livnat, and Eccard (2000). It is a modified WM task (n-back task) in 
which a pseudorandom sequence of letters is presented and the participants are asked 
to respond to a pre-specified letter. WM load can be adapted by increasing the number 
of letters a child has to remember to match the target letter. We applied two memory 
load conditions: a 0-back condition and a 1-back condition. The 0-back condition 
requires no WM. The child has to react when a specific letter appears on the screen. In 
the 1-back condition, a response is inquired when the same letter is presented in two 
successive trials. 
Four different backgrounds were used in the E-n-back task: a black screen (no 
picture), a neutral picture (e.g., a spoon, a chair), a positive picture (e.g., chocolate, 
smiling children) and a negative picture (e.g., a snake, a plane crash). The pictures were 
selected from the International Affective Picture System (IAPS; Center for the Study of 
Emotion and Attention [CSEA-NIMH], 1999; Lang, Bradley, & Cuthbert, 2008) and were 
ensured to be suitable for the use in children (McManis, Bradley, Berg, Cuthbert, & Lang, 
2001). A set of 30 neutral, 30 positive and 30 negative pictures was used. Each memory 
load condition (0-back, 1-back) was combined with each background (black screen, 
neutral picture, positive picture, negative picture) resulting in eight blocks of 16 trials 
each. 
Rating of the pictures. The set of 90 pictures was evaluated by the children using 
the Self-Assessment Manikin (Bradley & Lang, 1994; Lang, 1980) for both valence and 
arousal in two separate conditions on a 5-point Likert scale from negative (1) over 
neutral (3) to positive (5) and from not arousing (1) to high arousing (5). 
Procedure 
The children completed two computer tasks (the WM task and the rating task) and a 
short version of an intelligence test. A third computer task, independent of the other 
tasks, lies beyond the scope of this manuscript. The computer tasks were administered 
in a fixed order with the WM task first, prior to the intelligence test. The parents were 
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interviewed by an experienced psychologist when the child performed the computer 
tests.  
The E-n-back task and the rating task were programmed in Inquisit (2006). The tasks 
had written instructions on the screen but these instructions were also explained 
verbally to the children to ascertain their comprehension of the task. The E-n-back task 
started with two practice blocks, one for each memory load condition. During these 
practice blocks a black screen was presented as background. Children were told that 
they would see a sequence of letters in the middle of the screen and that they had to 
press the space bar as soon as they saw the letter M (0-back) or as soon as the letter 
they saw was identical as the previous one (1-back). After the practice blocks it was 
explained that they would have to perform these tasks alternately and that pictures 
would be presented in the background, which they should ignore. Before each block, the 
instruction to respond to a specified letter or to two identical alternate letters was 
displayed on the screen. Each trial started with the presentation of a letter on one of the 
four backgrounds (black screen or picture). After 500 ms only the background remained 
visible for another 2500 ms or until the child pressed the space bar. The sequence of 
letters was pseudo-randomized whereas the pictures were randomized within each 
block and the order of blocks was randomized for each participant (see also Ladouceur 
et al., 2005). The order of conditions (arousal and valence) in the rating task was 
randomized as were the 90 pictures within each condition. 
Statistical analyses 
The valence and arousal ratings were analyzed with a 3 (picture type: neutral 
picture, positive picture, negative picture) x 2 (group: ADHD and TD children) ANOVA on 
valence and arousal with picture type as within-subject variable and group as between-
subject variable. The F-values of the multivariate tests are reported because of violation 
of the assumption of sphericity. In order to address our specific hypotheses of a generic 
interference deficit versus a specific emotion regulation deficit we used two separate 
repeated measures ANOVAs: a 2 (memory load: 0-back and 1-back) x 3 (distractor type: 
neutral picture, positive picture, negative picture) x 2 (group: ADHD and TD children) 
ANOVA and a 2 (memory load: 0-back and 1-back) x 2 (distractor type: black screen and 
neutral picture) x 2 (group: ADHD and TD children) ANOVA. Memory load and distractor 
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type were the within-subject variables and group the between-subject variable. Both 
reaction times (RTs) and accuracy scores were analyzed. To control for age, additional 
analyses were performed with age as a covariate. Also, analyses were repeated 
excluding children with ADHD and comorbid ODD. The F-values of the multivariate tests 
are reported because the assumption of sphericity was not always met. Significant 
effects were further evaluated using ANOVAs or post hoc comparisons with Bonferroni 
correction. Finally, in the ADHD group spearman correlations between ADHD 
symptomatology and the interference effects were calculated. 
RESULTS 
Rating of the emotional stimuli 
Table 2 presents the means and standard deviations of the ratings for valence and 
arousal for both groups and each type of picture. The repeated measures ANOVA for 
valence revealed a main effect of picture type (F(2,64) = 200.37, p < .001). The effects of 
group (F(1,65) = 0.01, p = .917) and picture type by group (F(2,64) = 0.02, p = .480) were 
not significant. The positive pictures were rated more positively than the neutral (p < 
.001) and negative pictures (p < .001). The negative pictures were rated more negatively 
than the neutral ones (p < .001). There was a significant main effect of picture type for 
the ratings of arousal as well (F(2,64) = 142.23, p < .001). Post hoc tests indicated 
significantly different ratings for the arousal of neutral versus positive pictures (p < .001), 
neutral versus negative pictures (p < .001) and positive versus negative pictures (p = 
.022). The neutral pictures were assessed as being the least arousing, the negative 
pictures the most arousing, and the positive pictures in between. The effect of group 
and the interaction effect of picture type and group were again not significant (F(1,65) = 
3.39, p = .070 and F(2,64) = 2.39, p = .100 respectively). The trend was driven by a 
difference in arousal ratings for positive pictures (F(1,65) = 4.84, p = .031; children with 
ADHD rated positive pictures as more arousing) and to a lesser extent by a difference in 
ratings for neutral pictures (F(1,65) = 3.01, p = .087; children with ADHD tended to rate 
neutral pictures as more arousing). There was no difference in the arousal ratings for 
negative pictures (F(1,65) = 0.25, p = .618). 
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Table 2  
Means (and Standard Deviations) for the Rating of Arousal and Valence of Negative, 
Neutral and Positive Pictures 
Rating 
variable 
TD  ADHD 
Negative Neutral Positive  Negative Neutral Positive 
Valence 1.83 (0.70) 2.98 (0.57) 4.20 (0.63)  1.85 (0.58) 2.91 (0.58) 4.27 (0.42) 
Arousal 3.69 (0.87) 1.43 (0.60) 2.93 (1.10)  3.58 (0.89) 1.70 (0.67) 3.48 (0.87) 
Note. TD = typically developing children. 
Performance on the E-n-back task 
An overall repeated measures ANOVA including all four distractor types revealed a 
significant interaction effect of group and distractor type (F(3,57) = 3.73, p = .016). This 
interaction was further analyzed with two separate repeated measures ANOVAs in order 
to address our specific hypotheses of a generic interference deficit versus a specific 
emotion regulation deficit. In the ANOVA, comparing neutral to emotional pictures, 
main effects on RT were found for memory load (F(1,59) = 4.77, p = .033) and distractor 
type (F(2,58) = 9.35, p < .001). Responses were slower in the 1-back than in the 0-back 
condition (640.52 ms and 622.03 ms respectively) and as demonstrated in Figure 1, 
comparisons revealed slower RT for negative compared to neutral and positive pictures 
(p < .001 and p = .005 respectively). A main group effect indicated that children with 
ADHD reacted in general slower than TD children (F(1,59) = 6.75, p = .012). The 
interaction between group and distractor type was however not significant (F(2,58) = 
1.15, p = .323) neither was any other interaction effect. Entering age as a covariate did 
not change any of the significant effects. To control for comorbidity with ODD, we 
excluded the children with ADHD and comorbid ODD (n = 11) because our sample size is 
too small to compare a group with and without ODD. Excluding the children with 
comorbid ODD did not importantly change the results. Only the main effect of load 
became marginally significant (F(1,50) = 3.27, p = .076). Exclusion of the children with 
the hyperactive/impulsive type of ADHD (n = 4), who might be characterized by different 
cognitive deficits than the other subtypes (e.g., Chhabildas, Pennington, & Willcutt, 
2001; Schmitz et al., 2002), also did not change the results. 
  EMOTIONAL INTERFERENCE IN CHILDREN WITH ADHD 
 33 
 
Figure 1. Estimated marginal means and 95% confidence intervals for reaction time for 
the different distractor types.  
 
Results of the second analysis (comparing a black screen versus neutral pictures) 
revealed a significant main effect of distractor type (slower responses when a neutral 
picture was presented) and of group (children with ADHD being slower) (F(1,62) = 90.75, 
p < .001 and F(1,62) = 5.20, p = .026 respectively). In addition, a significant distractor 
type by group effect was observed (F(1,62) = 4.35, p = .041) indicating a greater 
difference in RT between a black screen and a neutral picture in children with ADHD 
compared to TD children, resulting from slower responding of children with ADHD when 
a neutral picture was presented (p = .011), while being equally fast when a black screen 
was used as background (p = .160). Hence, together these results illustrate that the 
children with ADHD were more distracted when pictures were presented in the 
background but irrespective of the valence of the pictures. There were no significant 
effects of WM load. Entering age as a covariate again did not change any of the 
significant results. Excluding the children with ADHD comorbid with ODD or the children 
with the hyperactive/impulsive type of ADHD, also did not change the results. Although 
there had been a wash-out of 24 hr prior to testing, the effects of medication use were 
explored by entering medication use as a covariate and by removing those children who 
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used medication on a regular base. None of the results changed. Correlational analyses 
in the ADHD group between ADHD symptomatology (as measured by the DISC-IV and 
DBDRS) and the interference effect (RT of negative or positive trials minus RT of neutral 
trials and RT of neutral trials minus RT of black trials) revealed no significant correlations. 
Accuracy was very high in both groups for all conditions (TD > 96%; ADHD > 93%) 
suggesting ceiling effects, hence results regarding accuracy cannot be reliably 
interpreted.  
DISCUSSION 
In the current study we aimed to investigate emotion regulation in children with 
ADHD, more specifically, we asked the question: Is the ability to suppress attention to 
task irrelevant distractors, which has been shown before in previous studies, 
exacerbated when the content of those distractors is emotional in nature? Put in 
another way, is apparent evidence of emotional dysregulation due to fundamental 
deficits in interference control that children with ADHD also show on emotionally 
neutral tasks? The data from the current study indicate a generic problem with 
interference control in our sample of children with ADHD whereas a specific emotion 
regulation deficit could not be statistically proven.  
The results show a generic interference control deficit in children with ADHD. Poor 
interference control has been argued to be one of the core deficits of ADHD (Barkley, 
1997) and many studies have indeed found support for an interference control deficit, 
although findings across studies are not fully consistent (for meta-analyses, see 
Lansbergen, Kenemans, & van Engeland, 2007; Mullane, Corkum, Klein, & McLaughlin, 
2009; Schwartz & Verhaeghen, 2008; van Mourik, Oosterlaan, & Sergeant, 2005). The 
mixed findings may be explained by several factors, such as the task used, the 
calculation of the interference effect, and the heterogeneity of ADHD. For example, the 
Stroop Color-Word Interference Test is often used to assess interference control in 
ADHD, which according to some researchers is not a valid measure of interference 
control in ADHD, as differences in reading ability or naming speed may confound 
interference scores (van Mourik et al., 2005). Findings from studies incorporating other 
  EMOTIONAL INTERFERENCE IN CHILDREN WITH ADHD 
 35 
paradigms such as the Erikson Flanker Task may be more (but also not fully) consistent 
(Johnstone, Barry, Markovska, Dimoska, & Clarke, 2009; Mullane et al., 2009; Samyn, 
Wiersema, Bijttebier, & Roeyers, 2014). The findings of weakened inhibition of task-
irrelevant backgrounds in children with ADHD in the current study, using an n-back task, 
adds to the evidence of an interference control deficit in ADHD. 
The enhanced distracting effect of stimuli in children with ADHD has in previous 
studies been related to the arousal level of the stimuli (López-Martín et al., 2013). One 
could therefore ask the question whether an arousal explanation can also account for 
the findings in the current study, as a neutral picture as background may be more 
arousing than a black screen. Children with ADHD tended to report higher arousal 
ratings for the neutral pictures than TD children. An arousal explanation seems unlikely 
though, because one would expect an increased distractibility for negative and positive 
versus neutral backgrounds as well, which was not found. Furthermore, additional 
correlation analyses were not indicative for a relationship between the interference 
control effect and arousal ratings. 
Importantly, also adding emotional valence to background pictures did not 
exacerbate the interference deficit in our sample of children with ADHD. This finding 
does not fit with the hypothesis that children with ADHD would especially show an 
inability to suppress attention to task irrelevant emotional distractors and that emotion 
regulation is an independent contributor to symptoms of ADHD beyond cold EFs (Berlin 
et al., 2004; Sjöwall et al., 2013). However, the lack of such an effect may be attributed 
to the limited number of participants and hence limited power and the findings may not 
generalize to other samples of ADHD. 
The absence of a group difference in emotional-specific interference is in line with 
some studies (Passarotti et al., 2010a, 2010b) but does not correspond to others where 
emotional interference has been shown when individuals with ADHD were performing 
EF tasks (Köchel et al., 2014; López-Martín et al., 2013; Marx et al., 2011; Posner et al., 
2011).  
There are several factors that may have contributed to the inconsistent findings 
across previous studies or the absence of emotion-induced dysregulation in ADHD in the 
current study. It may be that differential emotional interference effects may appear only 
when certain EF paradigms are applied, which would raise doubts about a general 
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emotion regulation problem. The findings from the existing studies do however not 
provide us with enough information to support this notion, and further research 
administering different emotional EF tasks in a group of children with ADHD is warranted 
to shed a light on this issue. One could also argue that in the current study perhaps the 
salience of the pictures presented was not sufficiently high. However, despite the fact 
that groups did not differ in this respect, emotional interference effects were present in 
the current study (negative backgrounds eliciting slower responses than neutral 
backgrounds). In addition, a greater interference effect was found for ADHD when 
comparing the neutral versus no background condition. Hence, these observations argue 
against such an interpretation. 
Differences in sample characteristics may also account for inconsistencies in results 
across studies. First of all, age could play a role because the ability to regulate emotions 
increases from early childhood to adolescence (Zeman, Cassano, Perry-Parrish, & Stegall, 
2006). Entering age as a covariate did however not change any of the significant results 
in the current study. There are also differences between studies in gender ratio, 
distribution of subtypes and the presence of comorbid disruptive behavior disorders. 
Gender ratio may affect the results because previous studies found girls to be more 
reactive to unpleasant pictures and to experience more difficulties in regulating negative 
emotions than boys (Bender, Reinholdt-Dunne, Esbjørn, & Pons, 2012; McManis et al., 
2001; Neumann, van Lier, Gratz, & Koot, 2010; Suveg & Zeman, 2004). It should however 
be noted that in the current study both groups had an equal gender ratio, and the fact 
that earlier studies that included exclusively boys did also find emotion regulation 
deficits in ADHD, goes against this view (Köchel et al., 2014; López-Martín et al., 2013). 
With respect to subtypes, one previous study attempted to evaluate unique contribution 
of subtypes and reported a link between emotion regulation problems and symptoms of 
hyperactivity/impulsivity but not symptoms of inattention (Maedgen & Carlson, 2000). 
Due to our restricted sample size we could not investigate whether our results would be 
different for different subtypes. Because it has been argued that the 
hyperactive/impulsive type of ADHD may not be associated with the same cognitive 
deficits as the other subtypes (e.g., Chhabildas et al., 2001; Schmitz et al., 2002), the 
data were reanalyzed excluding the children with the hyperactive/impulsive type. This 
did however not change any of the results. In addition, correlations between ADHD 
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symptomatology and the interference effects were calculated. No association was found 
between symptoms of inattention or hyperactivity/impulsivity and the generic 
interference effect, or between ADHD symptoms and the emotional interference effect. 
Our sample size might however been too small to detect significant correlations. Hence, 
the possible influence of different subtypes warrants further research. Finally, 
comorbidity with disruptive behavior disorders may have influenced the results. Melnick 
and Hinshaw (2000) reported maladaptive emotional coping in children with ADHD and 
high comorbid aggression but not in children with ADHD and low comorbid aggression. 
In addition, it has been suggested that abnormalities in hot EF are associated with 
disruptive behavior disorders, and less with ADHD (Rubia, 2011). Unfortunately, there 
were not enough children with comorbid ODD in the current study to systematically 
compare children with ADHD with and without comorbid ODD and further studies are 
needed to address this issue. An additional analysis, excluding the children with 
comorbid ODD did however reveal that the general interference deficit remained in 
ADHD, indicating that this effect cannot be attributed to comorbid ODD. Since 
medication use could also have had an influence despite the washout period of 24 hr, 
the effect of medication use was taken into account in additional analyses. The results 
remained the same.  
One of the important strengths of the current study is the inclusion of the no 
background condition as a result of which a clear distinction could be made between 
generic interference effects and specific interference effects of emotional information. 
Also, the children rated the arousal and valence level of the stimuli used, which is often 
lacking in other studies (e.g., Ladouceur et al., 2005). In addition, children were recruited 
in such a way that groups were matched for age, gender and IQ, and it was made sure 
that the group of TD children did not exhibit behavioral or emotional problems. Because 
previous studies were sometimes restricted to boys and children with ADHD combined 
type, the current study included both genders and all subtypes to obtain a more 
complete picture of emotion regulation in ADHD. However, the number of participants 
hampers direct comparisons of gender and different subtypes, and future studies are 
warranted to evaluate gender and subtypes effects. In addition, the sample size was not 
large enough to give statistical power to test all possible factors that may have 
contributed to the findings in the current study (see above). Also, due to time limits, 
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only one module of the DISC was administered, limiting the knowledge on other 
comorbid disorders (e.g., depression, anxiety) that could be associated with impairments 
in emotional interference control. A number of other limitations also have to be noted. 
First, the number of trials per block was limited and future studies should include 
more trials to increase reliability. Second, accuracy was not sensitive to the background 
manipulations (see also Ladouceur et al., 2005), due to ceiling effects. In addition, 
manipulation of WM load was not successful and stronger manipulations may be 
needed in future studies. Third, across groups, increased interference was found for 
negative pictures but not for positive pictures, which may be explained by negative 
pictures being rated as more arousing than positive ones. Fourth, here we only 
examined one aspect of emotion regulation, namely inhibition of irrelevant emotional 
distracters, and we cannot generalize our findings to other emotion regulation strategies 
such as cognitive reappraisal. Fifth, more importantly, ADHD is a clinically and 
etiologically heterogeneous disorder and therefore the current findings may not 
generalize to the ADHD population as a whole or to other ADHD samples. Finally, to 
exclude the possibility that at the behavioral level no deficit was apparent because of 
compensatory strategies (Passarotti et al., 2010a), studies may need to adopt 
neuroimaging measures (e.g., electroencephalography, functional Magnetic Resonance 
Imaging). 
Our findings may have clinical implications, as increased distractibility to 
emotionally valenced stimuli in children with ADHD in clinical settings and daily life may 
suggest a specific emotion regulation problem in these children. We could not reject the 
null-hypothesis with regard to emotional interference, meaning that there is not enough 
support within the current study for a specific emotional interference deficit in children 
with ADHD. The findings however indicate a generic interference control deficit in the 
current sample of children with ADHD, which adds to the existing literature on 
interference control deficits in ADHD (e.g., Lansbergen et al., 2007; Mullane et al., 2009). 
Future research is warranted investigating the relationship between emotional 
dysregulation in daily life and generic interference control difficulties in individuals with 
ADHD. 
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REGULATION OF EMOTION IN ADHD: 
CAN CHILDREN WITH ADHD OVERRIDE THE 
NATURAL TENDENCY TO APPROACH POSITIVE 
AND AVOID NEGATIVE PICTURES?
1
 
 
ABSTRACT 
Attention-deficit/hyperactivity disorder (ADHD) has been associated with emotional 
dysregulation. Studies have demonstrated that children with ADHD are less capable to 
maintain adequate task performance in a context of task-irrelevant emotional 
information, which suggests inefficient use of antecedent-focused strategies. In the 
current study we investigated a response-focused strategy, the ability to override action 
tendencies induced by emotional information. We hypothesized that if emotional 
dysregulation in children with ADHD involves difficulties in response-focused strategies, 
they would have more difficulties in overriding their natural tendency towards positive 
and away from negative pictures in an approach-avoidance paradigm. Performance data 
on a computer based task of 28 children with ADHD and 38 typically developing children 
between 8 and 15 years of age were analyzed comparing a congruent condition in which 
they were instructed to approach positive and avoid negative pictures and an 
incongruent condition where they had to override these automatic reactions and 
approach negative and avoid positive pictures. Children also rated the valence and 
salience of the pictures. Children with ADHD and typically developing children rated the 
emotional valence of the pictures appropriately and similarly. Solid congruency effects 
were found indicating that the task measured emotion regulation, however groups did 
not differ in this respect. To conclude, we found no evidence for deficits in emotion 
regulation in ADHD in terms of the ability to override natural tendencies to approach 
positive and avoid negative pictures. 
                                                          
1
 Based on Van Cauwenberge, V., Sonuga-Barke, E. J. S., Hoppenbrouwers, K., Van Leeuwen, K., & 
Wiersema, J. R. (submitted). Regulation of emotion in ADHD: Can children with ADHD override the natural 
tendency to approach positive and avoid negative pictures? Journal of Neural Transmission.  
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INTRODUCTION 
Attention-deficit/hyperactivity disorder (ADHD) is a prevalent neurodevelopmental 
disorder, characterized by attention problems and/or hyperactive and impulsive 
behavior (American Psychiatric Association, 2013; Willcutt, 2012). In addition to these 
core symptoms, emotional dysregulation has been recognized as an important 
additional feature of ADHD (Shaw, Stringaris, Nigg, & Leibenluft, 2014). Parents and 
teachers portray children with ADHD as having difficulties in regulating emotions, over-
reacting emotionally to everyday situations and experiencing more intense emotional 
reactions (Anastopoulos et al., 2011). Children with ADHD are also often emotionally 
labile (Anastopoulos et al., 2011; Skirrow, McLoughlin, Kuntsi, & Asherson, 2009; 
Sobanski et al., 2010; Stringaris & Goodman, 2009), displaying mood swings, short-
temperedness, irritability, and low frustration tolerance (Sobanski et al., 2010). The 
prevalence rates for emotional dysregulation in ADHD range from 25% to 45% in 
children and from 30% to 70% in adults (Shaw et al., 2014). Assigning this tendency to 
ADHD is complicated by the frequent comorbidity of ADHD with internalizing or 
externalizing disorders characterized by emotional problems like anxiety/depression, 
and disruptive behavior disorders (Angold, Costello, & Erkanli, 1999; Jensen et al., 2001; 
Kowatch, Youngstrom, Danielyan, & Findling, 2005; Meinzer, Pettit, & Viswesvaran, 
2014; Tsang et al., 2015; Waschbusch, 2002).  
Emotion regulation is defined as the modulation of our emotions and of the 
experience and expression of these emotions in order to reach a certain goal (Gross, 
2015). Several methods have been applied in research to study emotion regulation 
difficulties in ADHD. Besides questionnaires, either self- or parent-report (for an 
overview of studies, see Shaw et al., 2014), observational methods have frequently been 
applied (e.g., Abikoff et al., 2002; Maedgen & Carlson, 2000; Scime & Norvilitis, 2006; 
Walcott & Landau, 2004), indicating more aggression, more maladaptive emotion 
regulation strategies and less adaptive strategies. These studies, which often observe 
children acting in the face of emotionally challenging situations (e.g., performing a 
difficult task, delay gratification), have sometimes shown increased negative affect in 
ADHD, suggesting diminished emotion regulation. However, it is difficult to attribute 
differences in the way children react to provocative situations (i.e., emotional reactivity) 
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to difficulties in regulating these reactions (i.e., emotion regulation). Researchers have 
tried to address this by implementing experimental designs in their studies; these 
studies are however relatively scarce. Mostly, these studies have focused on executive 
control in emotionally provocative contexts (e.g., emotional Stroop task, emotional 
working memory task). The picture provided by these studies is inconsistent. Some 
studies have reported increased interference of emotional stimuli on task performance 
in children and adolescents with ADHD compared to typically developing peers (Köchel, 
Leutgeb, & Schienle, 2014; López-Martín, Albert, Fernández-Jaén, & Carretié, 2013; 
Posner et al., 2011), whereas other studies found no impairment in emotion regulation 
compared to a typically developing group. For instance, Passarotti, Sweeney, and 
Pavuluri (2010) and Van Cauwenberge, Sonuga-Barke, Hoppenbrouwers, Van Leeuwen, 
and Wiersema (2015) reported that patients with ADHD experienced no increase in 
interference specifically from irrelevant emotional information in a working memory 
task – patients with ADHD performed worse than controls on all tasks presenting 
irrelevant information irrespective of emotional content. The latter authors concluded 
that the clinically observed problems with emotion regulation in some children with 
ADHD may merely be a reflection of more generic problems with interference control 
(Van Cauwenberge et al., 2015). 
In the above-mentioned experimental studies, emotion regulation is indexed by the 
child’s ability to maintain adequate task performance while distracted by task-irrelevant 
emotional information. This aspect of emotion regulation, the ability to attribute 
attention to a particular task in the presence of emotional information, relates to the 
antecedent-focused strategy of attentional deployment in the process model of Gross 
(2015). Besides antecedent-focused strategies, response-focused strategies can be 
employed to modulate the behavioral and physiological response tendencies activated 
by emotions. Overriding deep seated action tendencies (i.e., the behavioral response 
tendencies) that lead us to approach positive and attractive and avoid negative or 
punitive emotional stimuli or situations forms a crucial aspect of effective emotion 
regulation because it is a fundamental element in the ability to resist temptations or to 
face dangerous and difficult situations (Bamford et al., 2015; Ent, Baumeister, & Tice, 
2015; Gross, 2015). Therefore, in the current study, we applied an approach-avoidance 
paradigm, in which participants have to modulate their natural action tendencies in 
CHAPTER 3 
 48 
responding to emotional pictures (Bamford et al., 2015; Chen & Bargh, 1999). The ability 
to override natural approach-avoidance action tendencies may provide us with an index 
of emotion regulation, which is less influenced by general cognitive control abilities. This 
is because, in the approach-avoidance paradigm, participants are specifically instructed 
to regulate their natural action tendencies to emotional stimuli, while load on other 
cognitive control abilities is kept to a minimum. In contrast, in other experimental 
paradigms, the aim is to maintain cognitive performance in the context of interfering 
irrelevant emotional stimuli and results also depend on general cognitive control 
abilities (Van Cauwenberge et al., 2015).  
This is the first study to use the approach-avoidance paradigm to study emotion 
regulation in ADHD. The paradigm is based on the idea that these tendencies are 
biologically rooted in the behavioral activation (BAS) and inhibition systems (BIS) (Gray, 
1981). The BAS is activated when we are faced with signals of reward and non-
punishment, resulting in approach behavior. The BIS is activated in the presence of 
signals of punishment or non-reward, and promotes inhibition and avoidance (Gray, 
1987, 1990, 1994). The measure of emotion regulation, in the approach-avoidance 
paradigm, is derived by comparing a condition where participants are instructed to 
approach positive and avoid negative emotional stimuli (congruent condition) and one 
where the instruction is to avoid positive and approach negative emotional stimuli 
(incongruent condition). This latter condition instructs individuals to apply response 
modulation, the response-focused emotion regulation strategy in the process model of 
Gross (2015). Previous studies in the typical population have shown that reaction times 
are faster in the congruent compared to the incongruent condition as one would predict 
(Bamford et al., 2015; Bamford & Ward, 2008; Chen & Bargh, 1999; Phaf, Mohr, 
Rotteveel, & Wicherts, 2014). This congruency effect reflects the additional 
effort/cognitive resources needed to override the natural approach-avoidance action 
tendencies; a greater congruency effect therefore indexes more difficulties in emotion 
regulation. The approach-avoidance effect has been shown to appear for many types of 
emotional stimuli and across several versions of the paradigm (see for a meta-analysis 
Phaf et al., 2014). Importantly, the approach-avoidance paradigm has successfully been 
used in children, adults and clinical samples (e.g., Brown et al., 2014; Deckers, Roelofs, 
Muris, & Rinck, 2014; Klein, Becker, & Rinck, 2011), and the congruency effect has been 
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externally validated as an index of emotion regulation in a recent study that 
demonstrated a link between the congruency effect and electrophysiological indices of 
emotion regulation (Bamford et al., 2015). Based on the hypothesis that children with 
ADHD are characterized by emotional dysregulation, we hypothesized that if emotion 
regulation difficulties in children with ADHD involve insufficient use of response-focused 
strategies, they would have a larger congruency effect than typically developing 
children. 
METHOD 
Participants 
Eighty one children aged 8 to 15 years old (38 with ADHD and 43 typically 
developing [TD] controls) took part in the study. The children in the ADHD group were 
partly recruited from the Flemish longitudinal cohort study JOnG! (more information on 
the aims and design in Grietens, Hoppenbrouwers, Desoete, Wiersema, & Van Leeuwen, 
2010), and partly from local clinics and via advertisements. The TD childeren were 
recruited from the study JOnG!, from local schools and via advertisements. The children 
with ADHD all had a formal diagnosis of ADHD when they entered the study. This 
diagnosis was confirmed for all but five children (who were excluded) using the 
Diagnostic Interview Schedule for Children – IV (DISC-IV; Schaffer, Fisher, Lucas, Dulcan, 
& Schwab-Stone, 2000; Dutch translation: Ferdinand & van der Ende, 2002), based on 
the Diagnostic and Statistical Manual of Mental Disorders - IV-TR criteria (DSM-IV-TR, 
American Psychiatric Association, 2000). Children taking medication for ADHD were drug 
free for at least 24 hr prior to testing. Children were excluded from the study if they had 
an IQ below 80 (one TD child) as estimated with a shortened version of the Wechsler 
Intelligence Scale for Children - Third edition – NL (WISC-III-NL; Grégoire, 2000; 
Wechsler, 1991; Dutch translation: Kort et al., 2005) and scored above the threshold on 
the Social Communication Questionnaire (SCQ; Rutter, Bailey, & Lord, 2003; Dutch 
translation: Warreyn, Raymaekers, & Roeyers, 2004) suggesting the presence of autism 
spectrum disorder symptoms (four children with ADHD and two TD children). In the TD 
group, a screening instrument for symptoms of ADHD was used to exclude subclinical 
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manifestations of ADHD. Two TD children were excluded because they met the 
threshold on (one of) the ADHD scales of the Disruptive Behavior Disorder Rating Scale 
(DBDRS; Pelham, Gnagy, Greenslade, & Milich, 1992; Dutch translation: Oosterlaan et 
al., 2008). The data of one child with ADHD were unavailable due to faulty equipment 
leaving the ADHD group with 28 children compared to 38 TD children. The groups did 
not differ in terms of age, sex or IQ. Not surprisingly, the ADHD group had higher scores 
on the SCQ and DBDRS for inattention and hyperactivity/impulsivity (Table 1). 
Measures 
Approach-avoidance task. The approach-avoidance task in the current study was 
based on the computer-based task used by Bamford et al. (2015) and Bamford and Ward 
(2008). A valenced picture (7 by 5 cm in size; either positive or negative) was presented 
on each trial on a white background. It was paired with a grey square of the same size by 
its side (either left or right). The children were instructed to evaluate the picture and to 
approach or avoid it by pressing one of two marked keys on the computer keyboard. The 
pictures were a selection of 30 positive (e.g., chocolate, smiling children) and 30 
negative pictures (e.g., a snake, a wounded person) from the International Affective 
Picture System (IAPS; Center for the Study of Emotion and Attention [CSEA-NIMH], 1999; 
Lang, Bradley, & Cuthbert, 2008), chosen to be suitable for children (McManis, Bradley, 
Berg, Cuthbert, & Lang, 2001). There were two conditions, a congruent and an 
incongruent condition, presented in a random order. In the congruent condition, the 
children had to approach the picture if they evaluated it as positive (explained in the 
instructions as “If you like the picture, press on the red button on the same side of the 
picture. The pictures that you like will come towards you”). If they judged it as negative, 
they were asked to avoid the picture by pressing the key on the side of the grey square 
(“If you don’t like the picture, press on the red button on the side of the square. The 
pictures that you don’t like will move away from you”). Approach presses led to the 
picture getting larger on the screen in a way that made it appear to be coming closer 
while the grey square appeared to move away. Avoidant responses had the opposite 
effect. In the incongruent condition, the participants received the opposite instructions. 
Children had to press the button on the side of the grey square to avoid positive pictures 
and the button on the picture side to approach negative pictures with these button 
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presses make the pictures move away or move closer to the child respectively. Every 
picture was shown twice in each condition, once on each side, to counterbalance for 
position resulting in a total of 120 trials per child per condition. Trials started with a 
fixation cross, presented for 500 ms on a white screen. Subsequently, the picture and 
the grey square appeared simultaneously and remained on the screen until the child 
responded. After the response, the final changed size of the pictures remained for 2000 
ms on the screen. Each condition started with 24 practice trials (with different pictures 
than the ones in the actual conditions) to ascertain comprehension of the task. 
Respondents received both written and verbal instructions at the start, and verbal 
feedback on their performance during the practice trials. In case the child did not 
comprehend the task completely, the practice trials were repeated. Trials in which the 
children responded incorrectly (e.g., approaching a positive picture when they were 
asked to avoid it) were removed from the dataset. The mean percentage of incorrect 
trials did not differ between groups (12.92 [SD = 13.25] for TD versus 13.08 [SD = 12.04] 
for ADHD, t(65) = -0.05, p = .959). Reaction times shorter than 250 ms were also 
removed along with outlier reaction times using a cutoff of three standard deviations 
from the mean. In all 87% of responses were included in the analysis. 
Rating of the pictures. The 60 pictures presented in the task were evaluated by the 
children using the Self-Assessment Manikin computer administered task (Bradley & 
Lang, 1994; Lang, 1980). Both valence and arousal ratings were obtained through scores 
on a 5-point Likert scale in two separate conditions in a random order. Valence was 
scored from negative (1) over neutral (3) to positive (5) and arousal from not arousing 
(1) to high arousing (5). 
Procedure 
After receiving informed consent from both parent and child, the computer tasks 
and the intelligence test were administered in a fixed order: the approach-avoidance 
task first, the rating task next and finally the intelligence test. The parents of the children 
with ADHD were interviewed by an experienced psychologist, while the children 
performed the tasks. Parent and child also filled in questionnaires either before or after 
the experiment. If the questionnaires were too difficult for the child, the parents were 
allowed to explain the items but not to decide on the answers.  
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Table 1  
Descriptive Characteristics for the Study Sample 
Variables TD ADHD   
 n n χ
2
 (df) p 
Gender (boys/girls) 26/12 19/9 < 0.01 (1) .961 
DISC - ADHD-C  11   
DISC - ADHD-IA  13   
DISC - ADHD-HI  4   
DISC - ODD  11   
 M SD M SD t (df) p 
Age (years) 11.16 2.62 11.11 2.69 0.08 (64) .939 
Estimated IQ 107.34 13.47 102.93 12.25 1.37 (64) .177 
DBDRS - INATT 10.92 1.24 14.18 1.63 -9.22 (64) < .001 
DBDRS - HYP/IMP 10.45 0.95 13.96 2.59 -6.88 (64) < .001 
SCQ - TOT 4.24 3.35 6.79 3.80 -2.89 (64) .005 
Note. TD = typically developing children; DISC - ADHD-C = diagnosis of combined subtype of ADHD as 
identified with the DISC-IV; DISC - ADHD-IA = diagnosis of inattentive subtype of ADHD as identified with 
the DISC-IV; DISC - ADHD-HI = diagnosis of hyperactive/impulsive subtype of ADHD as identified with the 
DISC-IV; DISC - ODD = diagnosis of oppositional defiant disorder (ODD) as identified with the DISC-IV; 
Estimated IQ = estimated total IQ based on the subtests similarities, picture arrangement, block design, 
and vocabulary of the WISC-III-NL; DBDRS - INATT = standard score for the inattentive subscale of the 
DBDRS; DBDRS - HYP/IMP = standard score for the hyperactive/impulsive subscale of the DBDRS; SCQ - 
TOT = total score for the SCQ. 
None of the children in the study sample scored above the cutoff for conduct problems in the DISC-IV. 
Analysis 
The rating task was analyzed with two 2 (picture type: positive picture vs negative 
picture) x 2 (group: ADHD vs TD children) ANOVAs with valence and arousal ratings as 
the dependent variable. The approach-avoidance task was analyzed using a 2 (condition: 
congruent vs incongruent) x 2 (valence: positive picture vs negative picture) x 2 (group: 
ADHD vs TD children) repeated measures ANOVA with mean reaction time (RT) as the 
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dependent variable. The F-values of the univariate tests are reported and significant 
effects were further evaluated with ANOVAs. Effect sizes are also reported. 
RESULTS 
Rating of the pictures 
Table 2 shows the ratings of arousal and valence for the different picture sets. There 
was a significant effect of picture type and a significant interaction between picture type 
and group on arousal (F(1,64) = 9.05, p = .004, η
2
 = .12 and F(1,64) = 7.87, p = .007, η
2
 = 
.11 respectively). The effect of group was not significant (F(1,64) = 1.13, p = .292, η
2
 = 
.02). The arousal score for the negative pictures was overall higher than for the positive. 
Children with ADHD did not differ from TD children with respect to these negative 
pictures (F(1,64) = 1.17, p = .283, η
2
 = .02). However, the ratings for the positive pictures 
were higher for the ADHD group (F(1,64) = 5.63, p = .021, η
2
 = .08). The results for 
valence showed a significant effect of picture type (F(1,64) = 380.46, p < .001, η
2
 = .86) 
but no effect of group or picture type by group (F(1,64) = 0.11, p = .737, η
2
 < .01 and 
F(1,64) = .15, p = .702, η
2
 < .01). The valence of the positive pictures was rated higher 
than for the negative pictures. 
Results of the approach-avoidance task 
There was a significant effect of condition (F(1,64) = 25.72, p < .001, η
2
 = .29): 
reaction times were slower in the incongruent condition compared to the congruent 
condition. In addition, the effect of valence was significant (F(1,64) = 16.00, p < .001, η
2
 = 
.20), with reaction times to positive pictures being faster than to negative pictures. 
These effects are demonstrated in Figure 1. The effect of group (F(1,64) = 2.53, p = .117, 
η
2
 = .04), and the interactions between group and condition (F(1,64) = 0.01, p = .928, η
2
 
< .001), and group and valence (F(1,64) = 0.77, p = .383, η
2
 = .01) were not statistically 
significant. No other effects were significant (all p’s > .330).  
Controlling for age and gender did not change this pattern of results, as including 
age or gender as a covariate in the analyses did not result in any significant group (or 
interaction with group) effects (all p’s > .079). 
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Table 2  
Means (and Standard Deviations) for the Rating of Arousal and Valence of Positive and 
Negative Pictures 
 TD ADHD 
Rating variable Positive Negative Positive Negative 
Arousal 2.91 (1.09) 3.76 (0.76) 3.51 (0.87) 3.54 (0.88) 
Valence 4.20 (0.63) 1.84 (0.69) 4.28 (0.43) 1.82 (0.56) 
Note. TD = typically developing children. 
 
Visual inspection of the data raised the possibility that the order in which the 
conditions, although counterbalanced, were presented may have had an influence on 
the congruency effect as it affected the two groups. Therefore, analyses were repeated 
adding order as a factor in the model. There were significant effects of condition (F(1,62) 
= 36.68, p < .001, η
2
 = .37), valence (F(1,62) = 17.09, p < .001, η
2
 = .22), and order 
(F(1,62) = 12.29, p = .001, η
2
 = .17) and the interactions order by condition and order by 
valence were significant (F(1,62) = 23.79, p < .001, η
2
 = .28 and F(1,62) = 3.98, p = .050, 
η
2
 = .06 respectively). The effect of group (F(1,62) = 3.69, p = .059, η
2
 = .06) and the 
interaction between group and order approached significance (F(1,62) = 3.38, p = .071, 
η
2
 = .05). Crucially, the interaction between group and condition was not significant 
(F(1,62) = 0.09, p = .770, η
2
 < .01), nor were other interactions (p’s >.360). 
In order to be certain that the effect of order was not distorting the results we reran 
the analyses for both orders of conditions separately. Crucially in neither set of analyses 
there was an interaction between group and condition (congruent condition first - 
F(1,32) = 0.01, p = .934, η
2
 < .001; incongruent condition first F(1,30) = 0.16, p = .690, η
2
 
= .01). 
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Figure 1. Estimated marginal means and standard errors for reaction time in the 
congruent and incongruent condition for positive and negative pictures in typically 
developing (TD) children and children with ADHD 
DISCUSSION 
In the current study we investigated an important element of emotion regulation in 
children with ADHD - the ability to override automatic or natural tendencies to approach 
positive and avoid negative pictures. Our hypothesis was that if emotional dysregulation 
in children with ADHD includes insufficient use of response-focused strategies, they 
would show a greater impact of incongruency of response (approach versus avoidance) 
to emotional content of pictures (positive versus negative) indicating more difficulties 
with emotion regulation. Across groups, responses were slower for incongruent than 
congruent action responses, which indicated that the task worked. However, this 
congruency effect was not different between the ADHD and TD groups and controlling 
for order effects, age and gender did not change this finding. This indicates that at least 
for this group of children with ADHD, we could not find support for impairment in the 
ability to regulate emotional responses to positively and negatively valenced pictures. 
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This finding adds to the inconsistency of findings regarding emotion regulation in 
ADHD. While several studies evidenced impaired emotion regulation in ADHD (e.g., 
Köchel et al., 2014; López-Martín et al., 2013; Maedgen & Carlson, 2000; Melnick & 
Hinshaw, 2000; Posner et al., 2011; Scime & Norvilitis, 2006; Walcott & Landau, 2004), 
others did not find a specific deficit in emotion regulation but were able to show that 
the difficulties in suppressing emotional interfering information in ADHD may be 
attributed to a generic interference deficit (Passarotti et al., 2010; Van Cauwenberge et 
al., 2015). The inconsistency between our findings and previous findings, evidencing 
impaired emotion regulation, could be attributed to a different focus on strategies of 
emotion regulation. Whereas other experimental studies focused on antecedent-
focused strategies, the current study is the first to investigate emotion regulation in 
ADHD by evaluating the ability to override natural action tendencies in responding to 
emotional pictures. The results of the approach-avoidance paradigm are less subject to 
differences in general cognitive control abilities as compared to the paradigms used in 
previous studies which measure cognitive control performance in a context of 
interfering irrelevant emotional stimuli (Van Cauwenberge et al., 2015). In the approach-
avoidance paradigm, the load on other cognitive control abilities is minimal and 
importantly it involves an explicit instruction to regulate emotions rather than just the 
instruction to perform another task as good as possible in the context of emotionally 
provocative stimuli. Moreover, the paradigms used in previous studies may have 
captured other abilities besides emotional interference (e.g., reading ability or naming 
speed in the stroop task, see van Mourik, Oosterlaan, & Sergeant, 2005). However, the 
findings with regard to emotional dysregulation in ADHD across other studies are also 
not consistent, which may be caused by other factors such as the various emotional 
stimuli that are used; IAPS-pictures, emotional faces, or emotional words may not elicit 
the same interfering effects (Kujawa, Klein, & Hajcak, 2012; Rellecke, Palazova, Sommer, 
& Schacht, 2011). In addition, characteristics of the sample and heterogeneity of ADHD 
samples can cause difficulties in the comparison of results. For example, some studies 
only included boys (López-Martín et al., 2013) or children with combined subtype of 
ADHD (Passarotti et al., 2010). In the current study a sample of boys and girls was 
included, spread among the three DSM-IV subtypes of ADHD. 
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Our results have implications for theoretical models of the ADHD related BIS/BAS 
hypothesis. Quay (1997) demonstrated an underactive BIS in ADHD, which was 
replicated by other studies (e.g., Gomez & Corr, 2010; Iaboni, Douglas, & Ditto, 1997; 
Matthys, van Goozen, de Vries, Cohen-Kettenis, & van Engeland, 1998). Other authors 
have argued that it is the relative level of BIS and BAS that is different in ADHD with an 
elevated BAS compared to BIS (Milich, Hartung, Martin, & Haigler, 1994; Newman, 
Wallace, Schmitt, & Arnett, 1997; Quay, 1997). An underactive BIS would imply less 
avoidance behavior whereas an elevated BAS compared to BIS would result in faster 
approach reactions than avoidance reactions compared to TD children. In contrast, no 
differences were observed between TD children and children with ADHD regarding 
approach or avoidance reactions. It should however be noted that the use of different 
methodologies may hamper comparison of results between studies, as we applied an 
approach-avoidance task and did not administer BIS/BAS questionnaires. Our task 
provides information limited to one specific point in time and instructed children 
specifically to suppress their natural reaction pattern whereas the questionnaires inquire 
about general, natural tendencies in behavior over a certain period of time (see for a 
similar argument Samyn, Roeyers, Bijttebier, Rosseel, & Wiersema, 2015 on measures of 
effortful control).  
One could argue that the absence of a group difference in congruency effects in the 
current study may relate to the distinct evaluation of the pictures from the task by the 
children with ADHD or to the specific task we used. There were no group differences in 
arousal or valence rating for negative pictures, but children with ADHD rated the arousal 
of the positive pictures higher than TD children. This suggests that children with ADHD 
are more reactive to positive stimuli, which has been evidenced before in temperament 
research, that is higher levels of surgency have been found in children with ADHD (e.g., 
Martel, Gremillion, & Roberts, 2012). It is however unlikely that this difference explains 
the absence of emotion regulation differences between groups. If it was the opposite 
(lower arousal ratings) perhaps it could have contributed to not finding a group 
difference, but in this case, more arousing pictures would elicit stronger approach-
avoidance reactions and therefore the ADHD group would have been expected to show 
a greater interference effect, indicating more difficulty regulating as a result of the 
greater reactivity. With regard to the task we used, it should be noted that for the 
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implementation of the approach-avoidance paradigm several task versions are possible, 
with or without the use of a joystick. Unlike some other studies, we did not use a lever 
or joystick to initiate the actions of approach and avoidance. Instead, children had to 
press one of two buttons and saw their action reflected as an approach or avoidance 
reaction in the movement of the pictures on the screen. A recent meta-analysis, 
including 29 studies (Phaf et al., 2014), showed that there is no hard-wired relationship 
between approach-avoidance motivations and particular arm movements, and that 
approach-avoidance effects are even apparent when no physical arm movement is 
involved (abstract-manikin task; De Houwer, Crombez, Baeyens, & Hermans, 2001). 
Importantly, the authors also concluded that the crucial aspect seems to be the visual 
feedback that the stimuli come closer or move away. The task used in the current study 
has this important zooming feature and has been validated in other studies, of which 
one also included ERP measures (Bamford et al., 2015; Bamford & Ward, 2008; Spruyt et 
al., 2013). Furthermore, it is important to note that our results did confirm the presence 
of a congruency effect across groups, further validating the paradigm in children, 
without the use of a lever or joystick. This factor is therefore unlikely to have caused the 
absence of group differences in the present study. 
Although not affecting the ADHD and TD groups differentially, the order in which 
the children received both conditions was found to be of importance. Not only was the 
overall RT of the children different according to the order of conditions, also the 
congruency effect was found to be influenced by the order. When children received the 
congruent condition first, followed by the incongruent condition, the main congruency 
effect was absent. This could possibly be related to a learning effect, causing children to 
react faster as the task proceeds, which masks the congruency effect. This may explain 
why a congruency effect did appear when the incongruent condition is presented first, 
followed by the congruent condition. Nevertheless, to our knowledge, the effect of 
order in the approach-avoidance task has never been addressed before and our findings 
indicate that future studies applying this paradigm should take order into account.  
The current study has many strengths. It is the first study comparing the ability of 
ADHD children to override prepared actions to emotional stimuli as an index of emotion 
regulation. Groups were not distinct with respect to age, gender distribution and 
intelligence and ratings of the children were obtained for the pictures used in the 
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paradigm. The current study has important methodological and clinical implications as it 
further validates the use of an approach-avoidance paradigm in children and points to 
the importance of order of conditions. Moreover, to our knowledge, response-focused 
emotion regulation strategies have never been the focus of experimental studies in 
children with ADHD. Therefore, the findings add to our knowledge of emotion regulation 
strategies in children with ADHD. They further indicate that emotion regulation skills of 
children with ADHD should be well assessed in clinical practice as not all aspects of 
emotion regulation may be impaired. A limitation of the current study is that the sample 
size hampers the systematic investigation of effects of comorbidity such as ODD or 
anxiety. Another limitation relates to the heterogeneity of ADHD. As ADHD represents a 
heterogeneous condition, the current findings may not generalize to other samples with 
ADHD, hence replication studies are warranted.  
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“TO MAKE A MOLEHILL OUT OF A MOUNTAIN”: 
AN ERP-STUDY ON COGNITIVE REAPPRAISAL 
OF NEGATIVE PICTURES IN CHILDREN 
WITH AND WITHOUT ADHD 
1
 
ABSTRACT 
There is a growing interest in studying emotional dysregulation in children with ADHD 
(attention deficit hyperactivity disorder) because of its prevalence and associated 
impairment. Several approaches have been adopted but event-related potential studies 
investigating covert underlying processes of emotion regulation in ADHD are scarce. 
Therefore, in the current study, the late positive potential (LPP) after cognitive 
reappraisal of negative pictures was investigated in children with ADHD and typically 
developing (TD) children. The LPP of 18 children with ADHD and 24 TD children (8-12 
years) was analyzed following negative pictures combined either with a neutral or with a 
negative interpretation, at parietal-occipital electrode sites. We expected the LPP 
modulation (smaller amplitudes after a neutral versus a negative interpretation), 
indicative of cognitive reappraisal, to be less apparent in children with ADHD and to be 
related to ADHD symptom severity. Children with ADHD differed significantly from TD 
children on LPP modulation, suggesting deviances in cognitive reappraisal, independent 
of gender. Moreover, across groups, LPP modulation correlated significantly with self-
reports on cognitive reappraisal and ADHD symptomatology. In the ADHD group 
separately, less LPP modulation was specifically associated with more symptoms of 
hyperactivity/impulsivity. To summarize, despite large interindividual differences within 
both groups for LPP modulation, the index significantly differentiated groups, indicating 
cognitive reappraisal difficulties in children with ADHD, which were linked to symptoms 
of hyperactivity/impulsivity. The correlations with self-reports on cognitive reappraisal 
further validate the LPP modulation as an index of emotion regulation in children.  
                                                          
1
 Based on Van Cauwenberge, V., El Kaddouri, R., Hoppenbrouwers, K., & Wiersema, J. R. (under review). 
“To make a molehill out of a mountain”: An ERP-study on cognitive reappraisal of negative pictures in 
children with and without ADHD. Journal of Abnormal Child Psychology. 
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INTRODUCTION 
Attention-deficit/hyperactivity disorder (ADHD) is a prevalent neurodevelopmental 
condition characterized by symptoms of inattention and/or hyperactivity/impulsivity 
that interfere with everyday functioning in several domains (American Psychiatric 
Association, 2013). In addition to these core symptoms, children with ADHD have 
difficulty with regulating their emotions, as manifested in mood lability, aggressive 
behavior, negative affect, and temper outbursts (Shaw, Stringaris, Nigg, & Leibenluft, 
2014). Emotional dysregulation in children with ADHD represents a major source of 
impairment, as it plays an important role in social competence and personal wellbeing 
(Eisenberg, Fabes, Guthrie, & Reiser, 2000; Riley et al., 2006; Wehmeier, Schacht, & 
Barkley, 2010). Therefore, a growing number of studies has focused on emotional 
dysregulation in children with ADHD. Initially, questionnaires and naturalistic 
approaches (e.g., observing the child’s emotional response to frustrating situations) 
were employed. Findings from these studies were interpreted as supportive of impaired 
emotion regulation in children with ADHD (Shaw et al., 2014).  
More recently, experimental paradigms have been applied in which children are 
instructed to perform a cognitive task in the context of distracting emotional 
information (e.g., emotional Stroop task, emotional n-back task). These studies showed 
that children with ADHD have difficulty with inhibiting task-irrelevant emotional 
information, suggesting emotion regulation impairments (e.g., Köchel, Leutgeb, & 
Schienle, 2014; López-Martín, Albert, Fernández-Jaén, & Carretié, 2013; Van 
Cauwenberge, Sonuga-Barke, Hoppenbrouwers, Van Leeuwen, & Wiersema, 2015). 
However, these findings are not conclusive because it has been found that larger 
emotional interference effects may reflect a generic interference control deficit rather 
than a specific emotional deficit in children with ADHD in these paradigms (Van 
Cauwenberge et al., 2015). In addition, emotion regulation deficits may be masked when 
only behavioral performance is taken into account. Passarotti, Sweeney, and Pavuluri 
(2010) observed intact task performance accompanied by less engagement of prefrontal 
areas in ADHD during emotion regulation. Neuroimaging methods provide an important 
added value as they can elucidate covert cognitive processes underlying emotion 
regulation. Especially electro-encephalography (EEG) seems a promising method to 
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study emotion regulation in children with ADHD as it has an excellent temporal 
resolution, enabling to study the temporal unfolding of emotion regulation processes 
(Banaschewski & Brandeis, 2007). 
Several researchers have stressed the late positive potential (LPP) as a neural 
correlate of emotion regulation. The LPP is a positive deflection in the EEG starting 
approximately 300 ms after stimulus onset and its amplitude is modulated by the 
emotional intensity of stimuli. In both adults and children larger amplitudes for 
negatively and positively valenced stimuli compared to neutral stimuli have been 
observed (Hajcak & Dennis, 2009; Hajcak, MacNamara, & Olvet, 2010; Kujawa, Hajcak, 
Torpey, Kim, & Klein, 2012; Kujawa, Klein, & Hajcak, 2012; Solomon, DeCicco, & Dennis, 
2012), which is argued to reflect sustained attention to, and processing of, intrinsically 
motivating stimuli (Hajcak et al., 2010). Importantly, the LPP has been shown to be 
sensitive to cognitive reappraisal. In adults, the LPP amplitude consistently decreased 
after negative pictures combined with a neutral interpretation (reappraisal) relative to 
negative pictures with a negative interpretation (Foti & Hajcak, 2008; Hajcak, Dunning, & 
Foti, 2007; Hajcak, Moser, & Simons, 2006; Hajcak & Nieuwenhuis, 2006; MacNamara, 
Fod, & Hajcak, 2009). A similar LPP modulation after cognitive reappraisal has been 
reported in children, be it less consistently (Babkirk, Rios, & Dennis, 2014; DeCicco, 
O'Toole, & Dennis, 2014; DeCicco, Solomon, & Dennis, 2012; Dennis & Hajcak, 2009; 
Leventon & Bauer, 2016), especially in younger children (DeCicco et al., 2014; Dennis, 
2010). Moreover, children’s reappraisal induced reductions in the LPP were associated 
with the use of more adaptive emotion regulation strategies (Babkirk et al., 2014).  
In the current study we examined for the first time the LPP as a neural correlate of 
cognitive reappraisal in children with ADHD, applying the paradigm as introduced by 
Dennis and Hajcak (2009). Because previous studies indicated an age-shift around the 
age of 8 for LPP modulation (DeCicco et al., 2014; Dennis & Hajcak, 2009), the paradigm 
was applied to children between 8 and 12 years old. Because less LPP modulation was 
found in (younger) girls (Dennis & Hajcak, 2009), we included gender in the analyses. We 
expected children with ADHD to be less able to reappraise negative pictures and hence 
to show less LPP modulation. We expected this pattern to be associated with severity of 
ADHD hyperactivity/impulsivity symptoms within the ADHD group (Maedgen & Carlson, 
2000; Sobanski et al., 2010). In addition, self-reported reappraisal was assessed and we 
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hypothesized children with ADHD to score lower on this measure, and the score to be 
positively correlated with LPP modulation.  
METHOD 
Participants 
Participants in this study were a group of typically developing (TD) children, without 
any behavioral or emotional disorder, and a group of children with an official diagnosis 
of ADHD, all between 8 and 12 years old with an estimated total IQ above 80. Part of the 
TD children participated also in a large Flemish longitudinal cohort study, named JOnG! 
(for details on the aims and the design of the JOnG!-study, see Grietens, 
Hoppenbrouwers, Desoete, Wiersema, & Van Leeuwen, 2010). The remaining children 
were recruited trough advertisement and word of mouth. Within the scope of another 
study, an equal number of TD boys and girls were recruited but for the current study the 
TD group was matched with the ADHD group on gender and age, resulting in a group of 
24 TD children compared to 23 children with ADHD. One child with ADHD was excluded 
because of a high risk for autism spectrum disorder as evaluated by the Social 
Communication Questionnaire (Rutter, Bailey, & Lord, 2003; Dutch translation: Warreyn, 
Raymaekers, & Roeyers, 2004). In addition, two more children with ADHD were excluded 
because one child was on atomoxetine the day of the experiment and for the other child 
the diagnosis could not be confirmed by means of a clinical parent interview (the 
Diagnostic Interview Schedule for Children – IV (DISC-IV); Schaffer, Fisher, Lucas, Dulcan, 
& Schwab-Stone, 2000; Dutch translation: Ferdinand & van der Ende, 2002). The 
diagnosis was confirmed for all other children with ADHD (nine combined type, nine 
inattentive type, two hyperactive type). Fourteen children took stimulant medication 
but had a wash-out of 48 hr prior to the experiment. Due to problems with the 
acquisition of the EEG-data or because of too many artefacts in the data, the data of two 
more children with ADHD were not included in further analyses. Our final sample 
contained 18 children with ADHD and 24 TD children. Groups did not differ on age (TD: 
9.8 years, SD = 1.4; ADHD: 9.8 years, SD = 1.5; t(40) = 0.13, p = .901), gender (TD: 18 
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boys; ADHD: 14 boys; χ
2
(1) = 0.04, p = .834) or estimated total IQ (TD: 103.83, SD = 8.09; 
ADHD: 106.33, SD = 11.53; t(40) = -0.83, p = .413). 
Measures 
Cognitive reappraisal task. The cognitive reappraisal task was similar to the one as 
used by Dennis and Hajcak (2009), and included 30 negative pictures from the 
International Affective Picture System, suited for children (Center for the Study of 
Emotion and Attention [CSEA-NIMH], 1999; Lang, Bradley, & Cuthbert, 2008; McManis, 
Bradley, Berg, Cuthbert, & Lang, 2001). After an initial presentation of 2000 ms, the 
picture was followed by a black screen combined with a short (5 to 10 s) auditory story. 
The story had the purpose to either provide a neutral interpretation to the picture 
(reappraisal condition, e.g., an angry dog becomes a dog that just went to the dentist 
and has clean teeth) or a negative interpretation (e.g., the dog is really angry and will 
attack someone). After this story the picture was shown again for 2000 ms. Half of the 
pictures were combined with a neutral story, half with a negative story. All pictures were 
randomly presented twice, with the same story, in two separate blocks. The 
interpretation of the first story was different for both blocks (see also Dennis & Hajcak, 
2009). The children were instructed to match the picture with the story in their head. 
Rating of the pictures. The 30 pictures were rated by the children on valence and 
arousal using the computer based Self-Assessment Manikin (Bradley & Lang, 1994; Lang, 
1980). A 5-point Likert scale from negative (1) over neutral (3) to positive (5) was used to 
evaluate valence and a scale from not arousing (1) to high arousing (5) asked for arousal 
ratings. 
Questionnaires. The parents completed the Disruptive Behavior Disorder Rating 
Scale (DBDRS; Pelham, Gnagy, Greenslade, & Milich, 1992; Dutch translation: Oosterlaan 
et al., 2008). This questionnaire provides scores for ADHD-inattention, ADHD-
hyperactivity/impulsivity, oppositional defiant disorder (ODD) and conduct disorder. 
The children filled in the Emotion Regulation Questionnaire for Children and 
Adolescents (ERQ-CA; Gullone, Hughes, King, & Tonge, 2010), a self-report questionnaire 
on emotion regulation, translated to Dutch with approved back translation (translation: 
Van Cauwenberge, Dhar, & Wiersema). Only scores on the reappraisal scale were related 
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to LPP modulation in the task. The internal consistency of this scale in the current study 
was sufficient for the TD and ADHD group (Cronbach’s α .71 and .70 respectively). 
Procedure 
The study was approved by the ethical committees of both Ghent University and the 
Catholic University of Leuven. Informed consents were obtained from the parent and 
the child. A first computer task, outside the scope of this article, was administered 
before the cognitive reappraisal task. Finally, the rating task was completed by the 
children. The parent interview with an experienced psychologist took place during the 
experiments or afterwards at home. The questionnaires for parent and child were filled 
in at home. 
EEG-data acquisition and reduction 
EEG-data were collected with 128 active 10 mm Ag/AgCl electrodes (EasyCap Active, 
EasyCap GmbH), placed according to the 10/5 International System (Oostenveld & 
Praamstra, 2001), and digitized using Brain Vision Recorder software (Version 1.10) with 
a sample rate of 500 Hz. The ground electrode for the average reference was positioned 
within the cap at Fpz and eye-movements were recorded through electrodes enclosed in 
the cap near the eyes and an additional electrode below the right eye. Amplification of 
the signal with an open pass-band from direct current to 100 Hz was acquired with a 
QuickAmp amplifier (Brain Products GmbH, Germany). The data were filtered offline 
with a low cut-off filter of 0.1 Hz, a high cut-off filter of 30 Hz and a notch filter of 50 Hz 
with Brain Vision Analyzer software (Version 2.0.1). After segmentation (500 ms before 
to 2000 ms after stimulus onset), ocular artefacts were corrected with the Gratton and 
Coles algorithm (Gratton, Coles, & Donchin, 1983) and segments with a gradient above 
50 μV/ms or a difference between minimum and maximum exceeding 200 μV over an 
epoch of 200 ms were removed. In addition, segments with artefacts resulting from 
activity below 0.5 μV were also removed. Average event-related potentials (ERPs) were 
calculated for the second presentation of the picture (i.e., after the story) for both 
conditions (reappraisal and negative interpretation) separately. The mean amplitude in 
the 500 ms window prior to picture onset served as baseline. The average ERPs were 
based on 50-100% of trials (15-30 trials) for most of the children. Nine children had for 
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one or more conditions only 33-50% acceptable trials. However, for these children 
reliable LPPs were observed with the expected topography. Trial acceptance rates did 
not differ between negative and neutral interpretations (F(1,37) = 3.69, p = .062) or 
between groups (F(1,37) = 0.24, p = .630), and did not differ dependent on the child’s 
age or gender (F(1,37) = 0.20, p = .659 and F(1,37) = 2.18, p = .149 respectively). The 
number of interpolated electrodes did not exceed 10% for any of the children but one 
(12% of the electrodes were interpolated). Based on previous literature (Babkirk et al., 
2014; DeCicco et al., 2012; Dennis & Hajcak, 2009) and visual inspection of the grand 
averages and topographies, parietal-occipital electrode positions PO3, POz and PO4 
were included in the analyses. The analyses were done separately for an early (600 to 
1000 ms after stimulus onset) and late time window (1000 to 1500 ms after stimulus 
onset) of the LPP (DeCicco et al., 2014). 
Statistical analyses 
The ratings of the pictures were analyzed with a 2 (condition: reappraisal, negative 
story) x 2 (group: ADHD, TD) repeated measures ANOVA on arousal and on valence. To 
analyze the reappraisal task a 2 (condition: reappraisal, negative story) x 3 (electrode: 
left, center, right) x 2 (group: ADHD, TD) x 2 (gender: boys, girls) repeated measures 
ANOVA was conducted, separately for the early and late time window. The univariate 
test results were reported, corrected with Greenhouse-Geisser in case of violation of the 
assumption of sphericity. Finally, for the correlational analyses, a difference score was 
calculated between the amplitude of the LPP after a negative story and the LPP 
amplitude after the reappraisal story, both averaged across electrode positions. Because 
of the a priori hypothesized directions of the correlations, one-sided Pearson’s 
correlations were reported between this difference score indicating the LPP modulation 
and the scores on the reappraisal scale of the ERQ-CA and the scores on the scales of the 
DBDRS. 
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RESULTS 
Rating of the pictures 
The arousal ratings of the pictures did not differ between conditions (F(1, 40) = 2.32, 
p = .135, η
2
 = .05) or between groups (F(1, 40) = 2.07, p = .158, η
2
 = .05). Also the group 
by condition effect was not significant (F(1, 40) = 0.95, p = .335, η
2
 = .02) (see Table 1). 
The valence of the pictures was judged more negative after a negative story compared 
to a neutral story (F(1, 40) = 31.66, p < .001, η
2
 = .44). Groups did not differ in this 
respect (F(1, 40) = 1.37, p = .249, η
2
 = .03 for group; F(1, 40) = 0.18, p = .673, η
2
 = .01 for 
group by condition). 
Effect of cognitive reappraisal 
Early LPP. The LPP topography maps are depicted in Figure 1. For the early LPP, no 
significant main effect of condition was found (F(1,38) = 0.06, p = .808, η
2
 < .01). 
However, a main group and a group by condition effect were found (F(1,38) = 4.86, p = 
.034, η
2
 = .11 and F(1,38) = 5.65, p = .023, η
2
 = .13 respectively), showing overall smaller 
LPPs and less decrease of LPP amplitude after cognitive reappraisal in children with 
ADHD (see Figure 2). Further testing revealed that, as expected, the effect of condition 
was not significant for ADHD (F(1,17) = 2.16, p = .160, η
2
 = .11). The effect of condition in 
TD children was also not significant (F(1,23) = 1.87, p = .185, η
2
 = .08). None of the other 
effects were significant, including effects related to gender. 
Table 1  
Means (and Standard Deviations) for the Rating of Arousal and Valence of the Negative 
Pictures After Reappraisal or a Negative Story 
 TD ADHD 
Rating variable Reappraisal Negative story Reappraisal Negative story 
Arousal 3.01 (0.74) 3.23 (0.93) 2.71 (0.90) 2.76 (1.10) 
Valence 2.81 (0.62) 2.23 (0.85) 2.55 (0.60) 2.04 (0.61) 
Note.
 
TD = typically developing 
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Figure 1. Scalp topography of the LPP after reappraisal and negative interpretation in 
the early and late time window in TD children and children with ADHD 
 
 
Figure 2. Stimulus-locked ERPs elicited by unpleasant pictures after reappraisal or 
negative interpretation pooled over electrode sites POz, PO3 and PO4 in TD children and 
children with ADHD 
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Late LPP. In the late time window, the effect of condition was not significant 
(F(1,38) = 0.39, p = .538, η
2
 = .01). The main group effect was significant (F(1,38) = 4.09, 
p = .050, η
2
 = .10) and the group by condition effect was marginally significant (F(1,38) = 
3.28, p = .078, η
2
 = .08). Further analyses did not show a significant effect of condition in 
either group (for ADHD: F(1,17) = 3.04, p = .099, η
2
 = .15 and for TD: F(1,23) = 1.32, p = 
.262, η
2
 = .05). In this late time window, a main electrode effect emerged (F(2,76) = 3.98, 
p = .023, η
2
 = .10), indicating a right distributed LPP. No other effects, also the ones 
including gender, reached significance. 
Correlations with self-reported reappraisal and ADHD symptoms 
Children with ADHD rated themselves as using less reappraisal (ADHD: 17.73 [SD = 
4.37]; TD: 21.22 [SD = 4.03]; t(36) = 2.52, p = .016, η
2
 = .83). Small to moderate positive 
correlations (Cohen, 1988) were found between this reappraisal score and LPP 
modulation in the early (r = .30, p = .032) and late time window (r = .22, p = .094), 
indicating that more self-reported reappraisal was related to a larger reappraisal 
induced modulation effect on the LPP. In addition, across groups, small to moderate 
negative correlations were found between LPP modulation and respectively inattentive 
symptoms (early window: r = -.21, p = .092; late window: r = -.32, p = .020) and 
hyperactivity/impulsivity symptoms (early window: r = -.36, p = .009; late window: r = -
.33, p = .017); children with higher levels of symptomatology showed less LPP 
modulation. In the ADHD group separately, correlations between LPP modulation and 
hyperactivity/impulsivity symptoms were of same magnitude (early window: r = -.21, p = 
.202; late window: r = -.30, p = .112), although not significant anymore due to lower 
power, whereas correlations with inattentive symptoms disappeared (early window: r = -
.09, p = .355; late window: r = -.01, p = .486 respectively). 
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DISCUSSION 
This is the first study investigating the modulation of the LPP after cognitive 
reappraisal in a sample of children with ADHD compared to TD children. We expected 
children with ADHD to show less LPP modulation after cognitive reappraisal, which 
would be in accord with the notion of impaired emotion regulation. We furthermore 
hypothesized this to be associated with ADHD symptom severity, especially with 
symptoms of hyperactivity/impulsivity (Maedgen & Carlson, 2000; Sobanski et al., 2010). 
LPP modulation was expected to be positively correlated with self-reports of cognitive 
reappraisal. The results confirmed our hypotheses. First, children with ADHD differed 
significantly in LPP modulation, which was most apparent in an early time window of the 
LPP (600 – 1000 ms). These effects were found independent of gender. Second, across 
groups, small to moderate negative correlations were observed between LPP 
modulation and ADHD symptoms (inattention and hyperactivity/impulsivity), indicating 
that children with more symptoms displayed less reduction of LPP amplitude after 
cognitive reappraisal. In the ADHD group separately, LPP modulation was found to be 
specifically associated (with correlations of similar magnitude) with 
hyperactivity/impulsivity. Third, across groups, the LPP modulation was significantly 
correlated with the administered self-report measure of cognitive reappraisal. Children 
rating themselves as using more reappraisal showed a larger LPP modulation. 
Children with ADHD showed smaller LPP amplitudes than TD children, corroborating 
the common finding of smaller P3 like components to non-emotional stimuli in ADHD, 
suggesting inappropriate attention allocation or aberrant working memory updating for 
both emotional and non-emotional stimuli (Raz & Dan, 2015; Wiersema, van der Meere, 
Roeyers, Van Coster, & Baeyens, 2006). More importantly, conform our hypotheses, 
children with ADHD differed from TD children in LPP modulation after cognitive 
reappraisal, which suggests diminished ability in children with ADHD to apply cognitive 
reappraisal to lessen the negative valence and arousal of pictures presented. Children 
with ADHD also rated themselves as using less reappraisal, which provides further 
support for emotional dysregulation in children with ADHD. Our results add to the 
findings from existing studies using other paradigms demonstrating that children with 
ADHD use less adaptive strategies and more maladaptive alternatives and show 
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impairments in emotion regulation on tasks that measure inhibitory and interference 
control to emotional stimuli (Köchel et al., 2014; López-Martín et al., 2013; Maedgen & 
Carlson, 2000; Melnick & Hinshaw, 2000; Scime & Norvilitis, 2006; Van Cauwenberge et 
al., 2015; Walcott & Landau, 2004). Our study extends these findings in ADHD as we for 
the first time applied a cognitive reappraisal paradigm that has been used successfully 
before (Dennis & Hajcak, 2009) and used the LPP as a valid covert index of emotion 
regulation (see also Babkirk et al., 2014; Hajcak et al., 2010). 
Previous studies found evidence that emotional dysregulation in ADHD is especially 
associated with symptoms of hyperactivity/impulsivity (e.g., Maedgen & Carlson, 2000; 
Sobanski et al., 2010). Although across groups, LPP modulation was associated with both 
inattention and hyperactivity/impulsivity symptoms, our results are in line with these 
findings, as in the ADHD group, LPP modulation was found to be specifically related to 
hyperactivity/impulsivity symptoms, with more symptoms accompanied by less LPP 
modulation. This is in accord with a dimensional view on the disorder (Shaw et al., 
2014), as not all children with ADHD showed equal (in)ability to apply cognitive 
reappraisal. The above findings clearly indicate impaired emotion regulation, in this case 
cognitive reappraisal, to be associated with ADHD. Cognitive reappraisal is an important 
adaptive strategy restoring emotional balance and is consequently associated with more 
positive and less negative emotions and better interpersonal functioning and well-being 
(Aldao, Nolen-Hoeksema, & Schweizer, 2010; Gross & John, 2003). Therefore, these 
findings, if replicated, suggest that targeting reappraisal skills in treatment might be 
beneficial for some children with ADHD. There is however a lack of studies investigating 
effects of treatment on emotional dysregulation, especially in children (for an overview, 
see Shaw et al., 2014). Research on treatments that effectively target cognitive 
reappraisal skills in children with (and without) ADHD is therefore warranted. 
Although groups could be differentiated on LPP modulation, as shown by a 
significant group by condition effect, it is important to note that this modulation was not 
significant in both time windows within the TD group. Dennis and Hajcak (2009) applied 
the same paradigm and did find evidence for LPP modulation in TD children, but some 
later studies also failed to find a reliable significant effect of reappraisal on the LPP in 
children (Babkirk et al., 2014; DeCicco et al., 2014; DeCicco et al., 2012; Leventon & 
Bauer, 2016). This may be due to large interindividual variability, not only in the ADHD 
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group but also in TD children, which may relate to several factors such as the influence 
of the social context or the unfamiliarity of a laboratory task (Babkirk et al., 2014). Also 
the factor age may play a role as research has shown less cognitive reappraisal abilities 
in younger children (DeCicco et al., 2014; Dennis & Hajcak, 2009). Although an 
exploratory correlational analysis did not reveal an effect of age on LPP modulation in 
the current study, studies systematically investigating the development of reappraisal 
induced LPP modulation and other factors that may contribute to interindividual 
differences on this index are warranted. Importantly, despite the large interindividual 
differences, LPP modulation did significantly differentiate groups and was associated 
with symptom severity within the ADHD group. Moreover, the modulation of the LPP 
was significantly associated with self-reports on reappraisal, further validating the LPP 
modulation as an index of emotion regulation. These results correspond with previous 
findings showing that reappraisal induced reductions in the LPP were associated with 
the use of more adaptive emotion regulation strategies (Babkirk et al., 2014). 
The current study has some limitations. First, the sample size is limited and although 
it is similar to the ones in previous studies (DeCicco et al., 2014; Dennis & Hajcak, 2009), 
ADHD is a heterogeneous disorder and hence the findings may not generalize to all 
children with ADHD. Second, because of possible working memory demands, the picture 
was also shown previous to the interpretations and thus the reappraisal cannot be seen 
as fully antecedent-focused (see also Dennis & Hajcak, 2009). Third, disruptive behavior 
disorders have been associated with emotional dysregulation (e.g., Stringaris, Maughan, 
& Goodman, 2010), but due to the current sample size, we could not systematically 
investigate the effects of comorbid ODD by analyses on subgroups. However, including 
ODD as a covariate in the analyses did not change the main findings, indicating that the 
findings cannot be explained by comorbid ODD symptomatology. 
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To conclude, this was the first study investigating LPP modulation as a neural 
correlate of cognitive reappraisal in children with ADHD. The findings indicate less 
effective cognitive reappraisal in children with ADHD, associated with symptoms of 
hyperactivity/impulsivity, irrespective of gender. Despite large interindividual 
differences in LPP modulation, the index successfully distinguished groups, was 
significantly correlated with self-reports of cognitive reappraisal, and seems a useful 
index of emotion regulation in children. The findings indicate cognitive reappraisal as a 
potentially important therapeutic target in children with ADHD. 
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DEVELOPMENTAL CHANGES IN NEURAL 
CORRELATES OF COGNITIVE REAPPRAISAL: 
AN ERP STUDY USING THE LATE 
POSITIVE POTENTIAL 
1
 
ABSTRACT 
The reduction of the amplitude of the late positive potential (LPP) following cognitive 
reappraisal has been used as a neural marker of emotion regulation. However, studies 
employing this neural marker in children are scarce with inconsistent findings, possibly 
related to developmental changes in sensitivity of LPP modulation to cognitive 
reappraisal. In the current study, the sensitivity of the LPP to cognitive reappraisal was 
tested in 60 children separated into 2 different age groups (8- to 11- versus 12- to 15-
year-olds). A cognitive reappraisal task was administered in which negative pictures 
were either combined with a negative story or with a neutral, reappraising story. While 
groups did not differ for self-reports on reappraisal, a significant reduction of LPP 
following cognitive reappraisal was only found in the older children, while such an effect 
was absent in the younger children. Findings were similar for boys and girls. Additional 
analyses showed a linear increase in sensitivity of LPP modulation with age. The results 
indicate that LPP modulation as measured in the current paradigm can be used as a valid 
index of emotion regulation in boys and girls but that caution is recommended using it in 
younger children. 
                                                          
1
 Based on Van Cauwenberge, V., Van Leeuwen, K., Hoppenbrouwers, K., & Wiersema, J. R (submitted). 
Developmental changes in neural correlates of cognitive reappraisal: An ERP study using the late positive 
potential. Neuropsychologia. 
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INTRODUCTION 
Because of its importance for successful adaptation (Aldao, Nolen-Hoeksema, & 
Schweizer, 2010; Eisenberg, Fabes, Guthrie, & Reiser, 2000; Zeman, Cassano, Perry-
Parrish, & Stegall, 2006), a lot of studies have focused on emotion regulation, especially 
on reappraisal, a strategy that is used to change the emotional impact of a situation by 
altering the meaning of that situation (Gross, 2015). Reappraisal results in more positive 
and less negative emotions and better interpersonal functioning and well-being (Gross & 
John, 2003) and less use of reappraisal is associated with the development of 
psychopathology (Belden, Pagliaccio, Murphy, Luby, & Barch, 2015; Carthy, Horesh, 
Apter, Edge, & Gross, 2010; Garnefski, Rieffe, Jellesma, Terwogt, & Kraaij, 2007; Van 
Cauwenberge, El Kaddouri, Hoppenbrouwers, & Wiersema, 2016). The use of self-
reports on reappraisal in children has disadvantages as their validity and reliability are 
affected by developmental factors such as self-awareness of emotions and cognitions, 
autobiographical memory, and the propensity to engage in dichotomous thinking 
(Zeman, Klimes-Dougan, Cassano, & Adrian, 2007). In addition, questionnaires hamper 
disentangling emotional reactivity and emotion regulation processes and scores may 
reflect the use rather than the ability to use reappraisal strategies effectively (Cole, 
Martin, & Dennis, 2004; Troy, Wilhelm, Shallcross, & Mauss, 2010). To address these 
issues, researchers have started to study reappraisal in children with event-related 
potentials (ERPs), more specifically with the late positive potential (LPP) (e.g., Dennis & 
Hajcak, 2009).  
The LPP is a positive-going sustained component appearing approximately 300 ms 
after stimulus onset with a maximum topography at posterior sites. Emotionally 
valenced stimuli consistently elicit larger LPPs compared to neutral stimuli (e.g., Hajcak, 
Dunning, & Foti, 2007; Hajcak, MacNamara, & Olvet, 2010) and adult studies have 
consistently shown a reduction of the LPP amplitude following cognitive reappraisal (Foti 
& Hajcak, 2008; Hajcak, Moser, & Simons, 2006; Hajcak & Nieuwenhuis, 2006; 
MacNamara, Fod, & Hajcak, 2009), indicating that LPP modulation may serve as a neural 
marker of cognitive reappraisal.  
Studies using LPP modulation as an index of emotion regulation in children are 
scarce and findings across studies are inconsistent. Dennis and Hajcak (2009) 
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investigated cognitive reappraisal in children (5-10 years) and reported a significant 
reduction of the LPP after negative pictures coupled with a neutral interpretative story 
compared to pictures with a negative story in most children, except in the youngest girls 
of their sample. A recent study replicated this finding in preschool children, although a 
different paradigm was used together with simplified interpretations (Hua, Han, & Zhou, 
2015). However, other studies applying paradigms similar to and different from the 
original one as introduced by Dennis and Hajcak (2009) failed to find smaller LPPs 
following reappraisal in children with an age ranging from 5 to 12 across these studies 
(Babkirk, Rios, & Dennis, 2014; DeCicco, O'Toole, & Dennis, 2014; DeCicco, Solomon, & 
Dennis, 2012; Leventon & Bauer, 2016; Van Cauwenberge et al., 2016). Correlations with 
age showed an increase in sensitivity of LPP modulation to cognitive reappraisal with age 
(DeCicco et al., 2014), suggesting the child’s age to significantly contribute to the 
variability in findings across studies. However, to date, developmental changes in LPP 
modulation have not yet been systematically studied in a wide age range, which was the 
goal of the current study. As LPP modulation may serve as valuable tool to study 
cognitive reappraisal in children with psychopathology, it is important to investigate the 
usefulness of this neural marker in children. 
Therefore, in the present cross-sectional study, a large group of children between 8 
and 15 years old performed a cognitive reappraisal task similar to the one implemented 
by Dennis and Hajcak (2009). Based on findings from a recent study, conducted in our 
lab in a smaller group of 8- to 12-year-olds with the same paradigm, showing a lack of 
significant reduction of the LPP following cognitive reappraisal (Van Cauwenberge et al., 
2016), the total group was subdivided into two age groups (8 to 11 versus 12 to 15 years 
old). We hypothesized a reliable modulation of the LPP by reappraisal to be present in 
the older children, but not or less so in the younger group. Research on gender effects 
are scarce and findings are indistinct. In the study by Dennis and Hajcak (2009), (young) 
girls failed to show LPP modulation. We therefore also investigated the effect of gender 
on LPP modulation. Finally, self-reports on reappraisal were assessed and correlated 
with reappraisal induced LPP modulation.  
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METHOD 
Participants 
The initial sample consisted of 63 typically developing (TD) children between 8 and 
15 years old from the community without any behavioral or emotional disorders or 
neurological condition. Some of the children were participating in a large Flemish 
longitudinal cohort study, named JOnG! (for details on the aims and the design of the 
JOnG!-study, see Grietens, Hoppenbrouwers, Desoete, Wiersema, & Van Leeuwen, 
2010). The remaining children were recruited trough advertisement and word of mouth. 
The study was approved by the ethical committees of both Ghent University and the 
Catholic University of Leuven. Three children were excluded: one child had a score 
above the cutoff of the Disruptive Behavior Disorder Rating Scale (DBDRS; Pelham, 
Gnagy, Greenslade, & Milich, 1992; Dutch translation: Oosterlaan et al., 2008), another 
child had an estimated total IQ below 80 (evaluated with the short version of the 
Wechsler Intelligence Scale for Children - Third edition - NL [WISC-III-NL]; Grégoire, 2000; 
Wechsler, 1991; Dutch translation: Kort et al., 2005), and finally, the EEG-data of one 
child contained too many artefacts. The characteristics of the final sample of 60 children, 
subdivided into two age groups, are presented in Table 1. 
Measures 
Cognitive reappraisal task. A cognitive reappraisal task similar to the one 
introduced by Dennis and Hajcak (2009) was used, with 30 negative pictures from the 
International Affective Picture System (Center for the Study of Emotion and Attention 
[CSEA-NIMH], 1999; Lang, Bradley, & Cuthbert, 2008). The pictures were initially 
presented for 2000 ms, followed by a black screen in combination with an auditory 
story. The content of the story was either a neutral interpretation of the negative 
picture (reappraisal condition, e.g., an angry dog becomes a dog that just went to the 
dentist and has clean teeth) or a negative interpretation (negative condition, e.g., the 
dog is really angry and will attack someone). After the auditory story the same picture 
was presented for another 2000 ms. Children were instructed to think about the picture 
so that it matches with the story. An equal number of pictures was combined with a 
neutral interpretation compared to a negative interpretation. All pictures were 
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presented twice, with the same story, in two separate blocks. The presentation of the 
pictures occurred in a random order, with the exception of the first trial of the second 
block, for which the valence of the story was always different from the first story of the 
first block (for details see also Dennis & Hajcak, 2009). 
Rating of the pictures. After the cognitive reappraisal task, children rated the 30 
pictures with a computer based Self-Assessment Manikin (Bradley & Lang, 1994; Lang, 
1980). These ratings were used to verify if the children found the stories negative or 
reappraising. A 5-point Likert scale was used for the evaluation of valence on one hand 
(from negative (1) over neutral (3) to positive (5)) and arousal on the other hand (from 
not arousing (1) to high arousing (5)). 
Self-report questionnaire. The use of reappraisal was assessed with a Dutch version 
of the Emotion Regulation Questionnaire for Children and Adolescents (ERQ-CA; 
Gullone, Hughes, King, & Tonge, 2010). With a 5-point Likert scale from strongly disagree 
(1) to strongly agree (5), the children evaluated, on the subscale reappraisal, their use of 
this strategy. The internal consistency for both groups was sufficient for the current 
sample (Cronbach’s α = .69 for younger children and .79 for older children).  
Table 1  
Means and Standard Deviations for Age, Estimated IQ and Scores on the Self-report 
Measure of Emotion Regulation and the Gender Distribution for Younger and Older 
Children 
 
Younger children 
(8-11 years) 
Older children 
(12-15 years) 
  
Variables M SD M SD t (df) p 
Age (years) 9.40 1.04 13.60 1.16   
Estimated IQ 104.93 8.94 107.07 11.01 -.82 (58) .413 
ERQ-CA - REAP 21.21 3.92 20.43 3.60 .79 (57) .433 
Boys/girls 15/15 15/15   
Note. Estimated IQ = estimated total IQ based on the subtests similarities, picture arrangement, block 
design, and vocabulary of the WISC-III-NL ; ERQ-CA - REAP = subscale reappraisal of the Emotion 
Regulation Questionnaire for Children and Adolescents. 
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Procedure 
The research took place in the Faculty of Psychology and Educational Sciences at 
Ghent University. After informed consents were received from both the parent(s) and 
the child, a total of three computerized tasks were administered in a fixed order. The 
first task, which lies outside the scope of this article, was followed by the cognitive 
reappraisal task and the rating task. Intelligence measurements were done either before 
or after the computer tasks. Questionnaires were filled out at home, prior to the lab 
visit.  
EEG-data acquisition and reduction 
An electrode cap with 128 Ag/AgCl electrodes (EasyCap Active, EasyCap GmbH), 
placed according to the 10/5 International System (Oostenveld & Praamstra, 2001), was 
used to collect the EEG-data, with the ground electrode at Fpz. Eye-movements were 
recorded at three positions near the eyes and through an additional electrode below the 
right eye. The EEG signal was amplified with an open pass-band from direct current to 
100 Hz using a QuickAmp amplifier (Brain Products GmbH, Germany), digitized with a 
sample rate of 500 Hz. Offline, a low cutoff filter of 0.1 Hz, a high cutoff filter of 30 Hz 
and a notch filter of 50 Hz was applied with Brain Vision Analyzer software (Version 
2.0.1). After segmentation (500 ms before stimulus onset to 2000 ms after), ocular 
artefacts were corrected (Gratton, Coles, & Donchin, 1983). Activity below 0.5 μV, a 
gradient above 50 μV/ms and a difference of more than 200 μV between minimum and 
maximum in an epoch of 200 ms were defined as artefacts. Segments containing any of 
these artefacts were removed resulting in 50-100% remaining segments for most of the 
children. Only four children were left with 10 to 13 acceptable segments but for these 
children a data check revealed reliable LPPs with the expected topography. Trial 
acceptance rates did not differ between negative and neutral interpretations (F(1,56) = 
0.02, p = .902) or as a result of the child’s age (F(1,56) = 0.90, p = .348). ERPs were time 
locked at the second presentation of the picture (after the story) and averaged per 
condition (reappraisal versus negative), with a 500 ms pre-stimulus baseline. Based on 
previous literature and visual inspection of grand averages and topography in the 
current study, we included three parietal-occipital and three occipital electrode 
positions, at the midline and left and right from the midline (PO3, POz, PO4, O1, Oz, O2). 
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Three time windows were used: an early window from 300 to 600 ms, a middle window 
from 600 to 1000 ms, and a late window from 1000 to 1500 ms after stimulus onset 
(Babkirk et al., 2014; DeCicco et al., 2012; Dennis & Hajcak, 2009). 
Statistical analyses 
The arousal and valence ratings of the pictures were analyzed with a repeated 
measures ANOVA (rANOVA) with condition (reappraisal, negative) as within-subjects 
variable and gender (boys, girls) and age group (8-11 years, 12-15 years) as between-
subjects variables. For the reappraisal task, rANOVAs were conducted separately for the 
different time windows as recommended by DeCicco et al. (2014). A condition 
(reappraisal, negative) by sagittal position (parietal-occipital, occipital) by lateral position 
(left, center, right) by gender by age group design was used. Univariate test results were 
Greenhouse-Geisser corrected in case of violation of the assumption of sphericity. In 
order to keep the number of reported statistical comparisons limited, in view of the 
scope of the current study, only relevant effects involving condition, age group or 
gender are discussed. Before running the correlational analyses, a LPP modulation score 
was calculated by subtracting the LPP amplitude following reappraisal from the LPP 
amplitude following a negative story.  
RESULTS 
Rating of the pictures 
Overall, children rated the pictures combined with a reappraisal story less arousing 
than the pictures combined with a negative story (F(1, 56) = 12.32, p = .001, η
2 
= .18). 
The ratings were not different according to age group or gender (F(1, 56) = 0.25, p = 
.618, η
2 
< .01 for condition by age group and F(1, 56) = 0.59, p = .445, η
2 
= .01 for 
condition by gender) (see Table 2). Furthermore, the pictures in the reappraisal 
condition were rated as less negative than the pictures in the negative condition (F(1, 
56) = 22.99, p < .001, η
2 
= .29), with a stronger effect for younger children (F(1, 56) = 
4.25, p = .044, η
2 
= .07 for condition by age group). There were no differences between 
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boys and girls in the rating of the valence (F(1, 56) = 0.01, p = .927, η
2 
< .01 for condition 
by gender). 
Cognitive reappraisal 
Early window. The main effect of condition on the LPP was not significant (F(1,56) = 
1.08, p = .303, η
2 
= .02). Independent of condition, LPP amplitudes were larger in boys 
and in younger children (F(1,56) = 8.74, p = .005, η
2 
= .14 and F(1,56) = 22.08, p < .001, η
2 
= .28 respectively). More importantly, age group interacted significantly with condition 
(F(1,56) = 4.79, p = .033, η
2 
= .08). Follow up analyses separately for the two groups 
showed a main effect of condition on LPP modulation in the older children (F(1,29) = 
9.19, p = .005, η
2 
= .24), whereas this was absent in the younger children (F(1,29) = 0.48, 
p = .493, η
2 
= .02) (see for topoplots, Figure 1). As can be seen in the ERPs (Figure 2), the 
LPP was reduced following reappraisal in older children, whereas this was not the case in 
the younger group; they even seem to show an opposite pattern (although not 
significantly) with larger LPPs after reappraisal. Further examination of this pattern 
revealed that the opposite direction of LPP modulation can be mainly attributed to the 
youngest children (8- and 9-year-olds) and that there is a significant linear increase of 
LPP modulation with increasing age (β = .34, p = .008; see Figure 3). 
Table 2  
Means (and Standard Deviations) for the Rating of Arousal and Valence of the Pictures 
 Negative story Reappraisal 
 Boys Girls Boys Girls 
Younger children (8-11 years) 
Arousal 3.21 (1.03) 3.45 (0.84) 3.06 (0.82) 3.07 (0.78) 
Valence 2.38 (0.94) 1.76 (0.62) 2.93 (0.61) 2.37 (0.68) 
Older children (12-15 years) 
Arousal 3.18 (0.59) 3.56 (0.45) 2.97 (0.68) 3.35 (0.48) 
Valence 2.15 (0.57) 2.39 (0.91) 2.43 (0.53) 2.57 (0.69) 
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Figure 1. Scalp topography of the LPP after a negative story and reappraisal in the early 
time window for both age groups. 
 
Middle window. Again, the main condition effect on the LPP was not significant 
(F(1,56) = 1.15, p = .288, η
2 
= .02). A marginally significant condition by sagittal position 
by age group effect (F(1,56) = 3.17, p = .080, η
2 
= .05) and a marginally significant 
condition by sagittal position by lateral position by age group effect (F(2,112) = 2.69, p = 
.072, η
2 
= .05) were found. Further testing demonstrated no significant main effect for 
condition (or any interaction effect with condition) in the younger children (all p’s > .10). 
In the older children, the effect of condition and condition by sagittal position were 
marginally significant (F(1,29) = 3.96, p = .056, η
2 
= .12 and F(1,29) = 3.93, p = .057, η
2 
= 
.12 respectively). LPP modulation was significant at occipital (F(1,29) = 6.10, p = .020, η
2 
= .17) but not at parietal-occipital sites (F(1,29) = 0.71, p = .408, η
2 
= .02). Again overall 
larger LPPs were observed in the 8- to 11-year-olds (F(1,56) = 27.78, p < .001, η
2 
= .33) 
and in boys (F(1,56) = 7.38, p = .009, η
2 
= .12).  
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Figure 2. Stimulus-locked ERPs for both age groups elicited by negative pictures after a 
negative story or reappraisal, pooled over on the one hand parietal-occipital (POz, PO3 
and PO4) and on the other hand occipital electrode sites (Oz, O1 and O2). 
 
 
 
Figure 3. Relationship between age and the LPP modulation (pooled over both parietal-
occipital and occipital electrodes) in the early time window. 
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Late window. The main effect of condition on the LPP was not significant (F(1,56) = 
2.24, p = .140, η
2 
= .04). The interaction between condition, sagittal position, lateral 
position, and age group was marginally significant (F(1.80,100.72) = 2.46, p = .097, η
2 
= 
.04), however, further testing of this 4-way interaction did not reveal any (main or 
interaction) effect of condition in either age group. Again, boys and younger children 
showed larger LPPs in general (F(1,56) = 10.09, p = .002, η
2 
= .15 and F(1,56) = 4.48, p = 
.039, η
2 
= .07 respectively).  
Self-reported reappraisal 
Age groups did not differ in their evaluation of reappraisal on the self-report 
questionnaire (t(57) = .79, p = .433), as presented in Table 1. As groups differed in LPP 
modulation in the early time window, correlations between this measure (pooled over 
both parietal-occipital and occipital positions) and self-reported reappraisal scores were 
calculated. No significant correlations were found, neither across groups nor per group 
(all p’s > .19), also when age was partialled out (all p’s > .28). Correlations between LPP 
modulation in the middle time window (pooled over occipital positions) and self-
reported reappraisal scores were also not significant (all p’s > .22). 
DISCUSSION 
The current cross-sectional study is to our knowledge the first study to investigate 
developmental changes in neural correlates of cognitive reappraisal (LPP) in a wide age 
range of children. The results confirmed our hypothesis that the reappraisal induced 
modulation of the LPP is dependent on age, being present only in older children. The 
older children showed a significant reduction in LPP amplitude in the early time window 
(and a marginally significant decrease in the middle time window), whereas younger 
children did not show LPP modulation following cognitive reappraisal. Results further 
showed a linear increase in LPP modulation with increasing age. Boys and girls were 
found to be equally capable of downregulating their neural responses to negative stimuli 
following reappraisal.  
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The results are supportive of developmental changes in neural correlates of 
cognitive reappraisal as indexed by the LPP and indicate that sensitivity of LPP 
modulation to cognitive reappraisal is highly dependent on the child’s age. This finding is 
not fully in accord with results of Dennis and Hajcak (2009) who did find reappraisal 
induced reductions in LPP amplitude within children younger than 12 years old, except 
for the youngest girls in their sample. The only other study that reported LPP modulation 
following reappraisal in younger children is that by Hua et al. (2015). However, they used 
a different paradigm and simplified stories (only four words). In contrast, the findings 
are in line with the majority of studies that included children younger than 12 years old 
and also failed to find LPP modulation effects (Babkirk et al., 2014; DeCicco et al., 2014; 
DeCicco et al., 2012; Leventon & Bauer, 2016; Van Cauwenberge et al., 2016), and with a 
study in 7- to 9-year-olds, that also reported a linear relationship between age and 
reappraisal related LPP modulation (DeCicco et al., 2014). Boys and girls showed similar 
patterns of LPP modulation. Hence, it seems safe to conclude that LPP modulation as 
measured within the current paradigm can be used as a valid index of emotion 
regulation in boys and girls but that caution is recommended using it in younger 
children, as the LPP modulation seems to become a more reliable index of cognitive 
reappraisal with increasing age in children.  
Groups did not differ for self-reported reappraisal and self-reported reappraisal 
scores were not correlated with LPP modulation. This may relate to the fact that both 
measures differ in important aspects. First, the questionnaire retrospectively assesses 
the use of reappraisal strategies in daily life over a longer time period, while LPP 
measurement is based on one single test session in the lab. Moreover, it is difficult to 
disentangle emotional reactivity and emotion regulation based on questionnaire scores, 
and the scores may reflect the use of reappraisal strategies rather than the ability to use 
them effectively (Cole et al., 2004; Troy et al., 2010). The difference between both 
measures also becomes evident in the fact that the younger and older children did not 
evaluate their use of reappraisal dissimilar but in contrast were distinct with respect to 
the LPP modulation. Hence, it could be that although both age groups report to use 
cognitive reappraisal strategies, they do differ in the ability to apply such a strategy 
effectively as measured within the current paradigm.  
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Irrespective of condition, in line with previous research (Kujawa, Klein, & Hajcak, 
2012; Kujawa, Klein, & Proudfit, 2013), younger children demonstrated larger LPP 
amplitudes than older children. This developmental decrease in the amplitude of the LPP 
could possibly be caused by similar processes as the ones contributing to the reduction 
in amplitude of the P3, reflecting more efficient neural processing (Kujawa et al., 2013). 
In addition, boys showed overall larger LPPs, suggestive of enhanced processing of 
negatively valenced stimuli, which is a novel finding to be replicated as the only other 
two studies taking gender into account did not report this (Hajcak & Dennis, 2009; 
Solomon, DeCicco, & Dennis, 2012). Importantly however, LPP modulation was not 
distinct between boys and girls, indicating equal capability to reappraise negatively 
valenced stimuli.  
Some limitations of the current study need to be mentioned. Similarly as in the 
paradigm used by Dennis and Hajcak (2009), the picture was already presented before 
the reappraising (and negative) story, in order to reduce working memory demands. As a 
result, cognitive reappraisal as measured in this paradigm does not fully correspond to 
antecedent-focused reappraisal as defined in the process model of Gross (2015). 
Another limitation concerns the generalizability of the findings to children with an age 
not included in the present study and emotion regulation strategies other than cognitive 
reappraisal. Furthermore, the current study is a cross-sectional study and studies 
applying a longitudinal design are warranted. 
To conclude, the findings of the current study show that LPP modulation can serve 
as a neural correlate of cognitive reappraisal in boys and girls, but that its sensitivity to 
reappraisal is age dependent. From 12 years onwards, LPP modulation as measured 
within the current paradigm seems a valid neural marker of cognitive reappraisal, 
however caution is recommended using it in younger children. 
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EMOTIONAL REACTIVITY AND REGULATION 
AS PRECURSORS OF EXTERNALIZING PROBLEMS 
IN EARLY CHILDHOOD: SHARED AND DISTINCT 
EFFECTS FOR SYMPTOMS OF ATTENTION-
DEFICIT/HYPERACTIVITY DISORDER AND 
CONDUCT PROBLEMS 
ABSTRACT 
The development of early intervention models of externalizing disorders depends on the 
isolation of their developmental precursors. Here we used a prospective longitudinal 
design to investigate the value of emotional reactivity (i.e., irritability) and emotion 
regulation at 24 months, common correlates of externalizing disorders later in 
childhood, as predictors of ADHD symptoms and conduct problems (CP) two years later. 
Based on prior research, our hypothesis was that heightened irritability would predict 
both symptoms of ADHD and CP, whereas diminished emotion regulation would 
specifically be related to later ADHD symptoms. At 24 months parents rated their 
children’s levels of irritability while emotion regulation skills were assessed using a 
standardized frustrating task in 349 children selected from the typical population. The 
same children (55% retention) were followed up when they were 4 or 5 years old, at 
which time their levels of ADHD, CP and emotional problems were rated by their 
parents. As predicted, irritability at 24 months was correlated with later ADHD 
symptoms and CP. There was no main effect of early emotion regulation abilities on 
later ADHD symptoms or CP. However, levels of emotion regulation moderated the 
effects of irritability on ADHD – the association between irritability and ADHD symptoms 
was only present in children displaying low or average emotion regulation. Models of 
early detection of ADHD risk should include indices of emotional reactivity and emotion 
regulation – especially where the aim is to disentangle ADHD and CP risks. Early 
intervention approaches that aim to reduce irritability and strengthen regulatory 
capacities might be especially valuable for ADHD. 
6 CHAPTER 
CHAPTER 6 
 106 
INTRODUCTION 
Externalizing disorders represent an important category of childhood psychiatric 
disorders and a major source of burden for the individual (American Psychiatric 
Association, 2013), the parents (e.g., De Ridder & De Graeve, 2006), as well as society. 
Not only do they incorporate the possibility of destabilizing communities, externalizing 
problems are also associated with higher economic and social costs due to higher rates 
of (medical and non-medical) health care utilization, burden on the criminal justice 
system and social services, costs in terms of education, and lost economic productivity 
(Belfer, 2008; De Ridder & De Graeve, 2006; Knapp, King, Healey, & Thomass, 2011; 
Knapp, Scott, & Davis, 1999; Mannuzza, Klein, Bessler, Malloy, & LaPadula, 1998; 
Romeo, Byford, & Knapp, 2005). One of the most common externalizing disorders is 
attention-deficit/hyperactivity disorder (ADHD), affecting 3.4 % of children and 
adolescents worldwide (Polanczyk, Salum, Sugaya, Caye, & Rohde, 2015), and 3% of 
adults (Moffitt et al., 2015). The characterizing symptoms of inattention and/or 
hyperactivity/impulsivity are typically present before grade-school entry and are 
associated with academic and occupational impairments, disrupted peer- and family 
relations and a higher rate of physical injuries (American Psychiatric Association, 2013; 
DiScala, Lescohier, Barthel, & Li, 1998). Furthermore, individuals with ADHD are more 
prone to car accidents, substance abuse and antisocial behaviors (Barkley & Cox, 2007; 
Charach, Yeung, Climans, & Lillie, 2011; Gudjonsson, Sigurdsson, Sigfusdottir, & Young, 
2012; Herpertz et al., 2001). Conduct problems (CP), captured by the diagnostic 
categories oppositional defiant disorder (ODD) and conduct disorder (CD), are highly 
frequent in ADHD as indicated by an incidence of around 50% (American Psychiatric 
Association, 2013; Connor, Steeber, & McBurnett, 2010).  
CP are prevalent in 5.7% of children and adolescents worldwide (ODD: 3.6%; CD: 
2.1%; Polanczyk et al., 2015) and consists of problems in self-control of emotions and 
behaviors, characterized by a violation of age-appropriate norms and basic rights of 
others (American Psychiatric Association, 2013). The behaviors used to classify ODD 
include angry/irritable mood, argumentative/defiant behavior, and vindictiveness, 
whereas CD includes aggression towards people and animals, destruction of property, 
deceitfulness and theft, and serious violations of rules. In a substantial number of cases, 
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CP have an early preschool onset which is associated with more adverse outcomes 
including delinquency and crime, school and occupational difficulties, and mental health 
problems (American Psychiatric Association, 2013; Fergusson, John Horwood, & Ridder, 
2005; Moffitt, 1993; Nock, Kazdin, Hiripi, & Kessler, 2007; Pardini & Fite, 2010; Stringaris 
& Goodman, 2009). 
Besides the persistency and poor prognosis of an early onset of ADHD or CP 
(Campbell, Spieker, Burchinal, Poe, & Network, 2006; Coté, Vaillancourt, LeBlanc, Nagin, 
& Tremblay, 2006; Egger, Kondo, & Angold, 2006; Nock et al., 2007), externalizing 
disorders entail high costs and burden on society. Several studies have reported the 
costs to be 2 to 10 times higher for an individual with ADHD or CP versus an individual 
without a disorder (Cohen & Piquero, 2009; De Ridder & De Graeve, 2006; Leibson & 
Long, 2003; Scott, Knapp, Henderson, & Maughan, 2001). Therefore, early intervention 
is economic advantageous and it offers in addition the possibility to modify the 
developmental trajectories and prevent chronicity (Sonuga-Barke & Halperin, 2010; 
Tremblay et al., 2004; Wilson, Minnis, Puckering, & Gillberg, 2009). To improve the 
effectiveness of early identification and to identify potential targets for early 
interventions, there is a need to better understand the shared and unique behavioral 
and cognitive precursors of ADHD and ODD/CD (Sonuga-Barke & Halperin, 2010). 
One possible precursor is emotional dysregulation, consisting of bottom-up (the 
intensified experience of activated emotions) as well as top-down processes (the 
reduced modulation of these emotions), which are incorporated in the temperament 
dimensions reactivity and regulation (Cole, Martin, & Dennis, 2004; Goldsmith et al., 
1987). Both higher levels of emotional reactivity and lower levels of emotion regulation 
have been associated with ADHD and CP (Egger et al., 2006; Eisenberg et al., 2001; Frick 
et al., 2003; Frick & Morris, 2004; Martel, Gremillion, & Roberts, 2012; Moffitt, 1993; 
Nigg, Goldsmith, & Sachek, 2004; Puzzo, Smaragdi, Gonzalez, Martin-Key, & Fairchild, 
2016; Shaw, Stringaris, Nigg, & Leibenluft, 2014). In addition, the predictive value of the 
temperament dimensions reactivity and regulation has been investigated, linking both 
dimensions to the development of externalizing disorders (Eisenberg et al., 2009; Muris 
& Ollendick, 2005; Olson, Sameroff, Kerr, Lopez, & Wellman, 2005; Rettew & McKee, 
2005). With respect to the dimension reactivity, a lot of research has focused on the 
level and intensity of anger/frustration, often referred to as irritability. It has been found 
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that high levels of irritability in infant or preschool years (6 months to 6 years) predict 
later symptomatology or a heightened risk for ADHD and CP (Auerbach et al., 2008; 
Dougherty et al., 2013; Frick & Morris, 2004; Gurevitz, Geva, Varon, & Leitner, 2014; 
Halligan et al., 2013; Morrell & Murray, 2003; Stringaris, Maughan, & Goodman, 2010; 
Sullivan et al., 2015; Wakschlag et al., 2015). In contrast, with respect to emotion 
regulation, less use of adaptive strategies in toddlerhood and preschool (17 months to 6 
years) has been associated with a higher rate of later externalizing symptoms (Hill, 
Degnan, Calkins, & Keane, 2006; Rydell, Berlin, & Bohlin, 2003; Supplee, Skuban, Shaw, 
& Prout, 2009). Less adaptive emotion regulation in infants (6 months) and preschool 
children (5 to 6 years) has moreover specifically been linked to ADHD (Sjöwall, Backman, 
& Thorell, 2015; Sullivan et al., 2015), whereas it is less clear whether early emotion 
regulation skills are predictive for later CP. Research on the predictive value of emotion 
regulation for CP is scarce and the existing studies in toddlers and preschool children (2 
to 6 years), which mostly combined behavioral and affective control in one measure 
(effortful control), yield inconsistent results (Lavigne, Dahl, Gouze, LeBailly, & Hopkins, 
2015; Martel, Roberts, & Gremillion, 2013; Rubin, Burgess, Dwyer, & Hastings, 2003). 
Although the literature clearly supports emotional dysregulation in children with 
ADHD and children with CP, more research is needed to identify shared and distinct 
effect of early predictors, in order to improve early identification and discrimination and 
to develop an early intervention model. Based on the results from the above-cited 
studies we believe that emotion regulation, compared to irritability, might be a predictor 
uniquely related to ADHD and not to CP. 
In the current study we want to add to the existing literature by studying the 
distinctive value of irritability and emotion regulation as predictors for symptoms of 
ADHD versus CP. We use the word predictor, in line with the suggested terminology by 
Johnson, Gliga, Jones, and Charman (2015), to define a marker with demonstration of 
predictive validity (p. 230). To meet the criticism on the existing literature, including 
informant bias (Johnson et al., 2015; Muris & Ollendick, 2005), we applied a prospective 
longitudinal design with a multimethod approach. Parents rated the child’s irritability, 
whereas emotion regulation was observed during a standardized frustration task, both 
at 24 months. ADHD and CP symptoms were measured in a dimensional way via parent-
reports. We predicted that higher irritability and less adaptive emotion regulation would 
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predict more symptoms of ADHD at age 4 to 5, whereas only irritability but not emotion 
regulation would predict CP. Because the relationship between reactivity and ADHD-
symptom severity has been reported to be moderated by effortful control (Healey, 
Marks, & Halperin, 2011; Martel et al., 2012), we hypothesized a moderation effect of 
emotion regulation on the link between irritability and later ADHD symptoms in the 
current study as well. As research suggests that gender may play a role in this 
moderation effect (Sontag & Graber, 2010), gender was taken into account in the 
analyses. In addition to ADHD and CP, emotional problems (EP) were included to further 
test specificity of the findings (Folk, Zeman, Poon, & Dallaire, 2014; Morgan, Izard, & 
Hyde, 2014; Wakschlag et al., 2015). 
METHOD 
Participants 
Participants were part of a longitudinal cohort study in Flanders, Belgium 
(http://www.steunpuntwvg.be/jong; Grietens, Hoppenbrouwers, Desoete, Wiersema, & 
Van Leeuwen, 2010). The study received medical ethical committees’ approval from the 
universities of Ghent and Leuven. The sampling frame consisted of all newborn children, 
born on uneven days during a 12-month period across 9 regions of Flanders. 
Recruitment was via personal contact with nurses from Child and Family services shortly 
after birth. Informed consent to take part in the study was received from 3017 families. 
A subgroup of 410 was selected to undertake additional assessments and laboratory 
visits (with an oversampling of vulnerable children e.g., prematurely born children). The 
current analysis is based on this subgroup. 
Procedure  
Parents completed a questionnaire when their children were 1, 8, 12, 24, 28, and 36 
months old and once again between 48 and 60 months. At 8 and 24 months additional 
lab testing was organized. The current study focuses on the measures at 24 months and 
48-60 months (M = 55.89 months, SD = 3.69). In addition, the demographic data were 
taken from the measures at 1 month (age of gestation at birth and highest qualification 
CHAPTER 6 
 110 
of the parents) and 24 months (current occupational status). At 24 months, tasks were 
administered in a random order, to account for effects of attention and tiredness. The 
current analysis focuses on the emotion regulation task.  
Measures 24 months 
Emotional reactivity. Parents completed the Early Childhood Behavior 
Questionnaire short form (ECBQ-SF; Putnam, Gartstein, & Rothbart, 2006; Putnam, 
Jacobs, Gartstein, & Rothbart, 2010; Dutch translation by de Kruif, Willekens, de 
Schuymer, et al.). This is a 107-item questionnaire assessing surgency, negative affect 
and effortful control. Parents rate the frequency of behaviors on a 7-point scale ranging 
from never (1) over about half the time (4) to always (7). The measure of irritability was 
based on scores on the frustration subscale (negative affect related to interruption of 
ongoing tasks or goal blocking; Cronbach’s α = .75).  
Emotion regulation. The emotion regulation score was based on observation of the 
child’s response on a task evoking frustration or anger (Laboratory Temperament 
Assessment Battery; Goldsmith, Reilly, Lemery, Longley, & Prescott, 1999). Children 
chose between two desirable toys. The chosen toy was placed in a transparent plastic jar 
with a screw cap that they could not open themselves. The children were then told that 
they could play with the toy if they could open the jar. The experimenter then left the 
room for 2 min. During this period the parents stayed in the room but were instructed to 
ignore the child as much as possible. The parents were told that if communication was 
necessary it should be short and remind the child of their unavailability. The child was 
videotaped and his/her behavior was coded. The data of 248 children were usable for 
further analyses. Reasons for exclusion of data were a restricted view of the child during 
videotaping, premature interruption of the task due to continuously crying for 20 
seconds, or other problems such as the parent, rather than the child, opening the jar. 
The child’s emotion regulation strategies and latency and duration of frustration 
were coded using a scheme based on previous research (Jahromi, Meek, & Ober-
Reynolds, 2012). Two independent coders used a global rating scale to assess the use of 
different emotion regulation strategies based on the total length of the tape (1: the 
behavior is not used; 2: the behavior is used for a short moment; 3: the behavior is used 
now and then; 4: the behavior is used a lot; 5: the behavior is used most of the time). The 
  SHARED AND DISTINCT EFFECTS OF EMOTIONAL DYSREGULATION FOR SYMPTOMS OF ADHD AND CP 
 111 
following strategies were evaluated: (a) goal-directed action: trying to open the jar; (b) 
distraction: shifting attention away from the jar, also exploring the environment, talking 
or singing to him/herself or playing with other objects; (c) orientation to parent: 
orienting to parent for help, non-verbally; (d) asking for help: verbally asking for help; (e) 
involving parent: involving parent in something different than the task; (f) other directed 
comfort seeking: orienting to parent for comfort or attention; (g) self-soothing: e.g., 
thumb sucking; (h) avoidance: trying to get rid of the jar or to get out of the room; (i) 
passive waiting: taking no actions, e.g., staring; (j) vocal venting: venting of negative 
emotions verbally, also crying; (k) physical venting: venting of negative emotions 
physically; (l) aggression towards object: venting of negative emotions by reacting 
aggressive towards the jar; (m) aggression towards parent: venting of negative emotions 
by reacting (verbally) aggressive towards the parent; (n) reappraisal: using the jar for 
another purpose e.g., making music by shaking the jar. The interrater reliability was 
calculated using the Finn r coefficient because this coefficient for categorical data is not 
affected by decreased variance in the ratings and is therefore advised when variance is 
low (Finn, 1970; Tinsley & Weiss, 1975), as was the case. Because almost none of the 
children used the strategies other directed comfort seeking, aggression towards parent, 
and reappraisal, these strategies were excluded from further analyses. Because we 
strived for perfect agreement (scores for Finn r of .80 or more; Landis & Koch, 1977), 
latency of frustration was also excluded. 
Measures 48 to 60 months 
ADHD, CP and EP. Parents completed the Strengths and Difficulties Questionnaire 
(SDQ; Goodman, 1997; Dutch translation: Goedhart, Treffers, & Widenfelt, 2003). It is a 
widely used 25-item measure with 5 subscales including hyperactivity (including items 
on inattention and hyperactivity/impulsivity), conduct problems (including items on ODD 
and CD) and emotional problems (including items on depressive mood, anxiety and 
somatic complaints). Each item is rated on a 3-point scale (not true, somewhat true, 
certainly true). The reliability of the scales in our sample was reasonable (hyperactivity: 
α = .77, conduct problems: α = .67, emotional problems: α = .56).  
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Statistical analyses 
We first conducted an exploratory factor analysis to reduce the number of coded 
child behaviors and extract a factor for emotion regulation from the observational 
measure. A principal component analysis was used with an oblimin rotation with Kaiser 
Normalization. Factor scores were calculated with the Rubin-Anderson method. To 
investigate the predictive value of irritability and emotion regulation for later symptoms 
of ADHD, CP and EP at follow up, hierarchical regression analyses were conducted with 
the standardized scores for the relevant scales of the SDQ as the outcome variables. In 
the first step gender and prematurity (because of the oversampling) were entered as 
control variables. In the second step, the centered score for irritability and the score for 
emotion regulation were entered. The interaction between irritability and emotion 
regulation was entered in step 3 and finally, in step 4, the 3-way interaction of gender by 
irritability by emotion regulation was included. For the interpretation of significant 
interaction effects, follow-up simple slope tests were performed, predicting level of 
symptomatology from irritability, at the conditional values of emotion regulation of the 
mean score and 1 SD above and below the mean emotion regulation score. 
RESULTS 
Demographics 
The sample of children with usable full data sets consisted of 69 girls (51.5%) and 65 
boys (48.5%). The mean age of gestation at birth was 38.78 weeks and varied between 
31 and 42 weeks. Prematurity (as defined by a gestational age of less than 37 weeks) 
was reported in 11.9% of the children. Most of the parents had a job (85.8% of the 
mothers and 94.0% of the fathers) and most of the mothers were highly educated 
(79.1% versus 56.0% of the fathers). Means for the scores on the SDQ at 4-5 years all fell 
within the normal range
1
 (hyperactivity: M = 2.37, SD = 2.38; conduct problems: M = 
1.54; SD = 1.66; emotional problems: M = 1.38, SD = 1.52). 
                                                          
1
 Based on a cutoff-score representing the 80th percentile in a British sample of 5-10-year-olds and a 
Spanish sample of 3-4-year-olds (http://www.sdqinfo.com; Goodman, 1997). It should be noted that 
caution is warranted to interpret scores based on samples from other countries because sample 
distributions and norms for the CBCL from other countries have found to differ from Flanders (Braet et al., 
2011). 
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Defining the emotion regulation construct using observational codes 
The codes passive waiting and other directed comfort seeking were not sufficiently 
correlated with the other codes and were dropped from the analysis. Once this was 
done the Kaiser–Meyer–Olkin (measure for sampling adequacy) was acceptable (.62). A 
two factor solution was selected based on the scree plot. Codes with a factor loading 
less than .40 were excluded from the final analysis (Table 1). Factor 1 was related to 
emotional reactivity. Factor 2 was related to voluntary strategies to regulate frustration - 
emotion regulation. This latter factor was included in the regression analyses. A higher 
emotion regulation score means better emotion regulation, based on more use of 
distraction and engaging in other activities, less perseverative goal-directed actions to 
complete an impossible task and less asking the help of an unavailable person (see Table 
1). 
Table 1 
Summary of Exploratory Factor Analysis Results for the Coded Child Behaviors of the 
Emotion Regulation Task 
 Rotated factor loadings 
Coded behavior 
Emotional 
reactivity 
Emotion 
regulation 
Goal-directed action -.29 -.72 
Distraction -.25 .82 
Asking for help   .13 -.66 
Vocal venting .89 -.04 
Physical venting .68 .00 
Aggression towards object .52 -.01 
Duration of frustration .91 -.00 
Eigenvalues 2.67 1.51 
% of variance 38.15 21.60 
α .77 .59 
Note. Factor loadings are based on the pattern matrix and values over .40 appear in bold. 
CHAPTER 6 
 114 
Irritability and emotion regulation and later behavioral and emotional problems 
ADHD. The results of the regression analyses are reported in Table 2. For ADHD 
symptoms the overall model including irritability, emotion regulation and their 
interaction was significant (F(5,105) = 3.29, p = .008). There was a significant main effect 
of irritability but not of emotion regulation. However, there was a significant interaction 
between irritability and emotion regulation. Further investigation of this effect by 
comparing the effect of irritability on symptomatology at different conditional values of 
emotion regulation showed that for those with low (1 SD below the mean) or average 
emotion regulation scores irritability was related to higher levels of ADHD 
symptomatology (β = .44, t(109) = 3.35, p = .001 and β = .24, t(109) = 2.18, p = .031 
respectively; see Figure 1). In contrast, those with high emotion regulation (1 SD above 
the mean) showed no relationship between irritability and symptomatology (β = .05, 
t(109) = 0.23, p = .818). Adding the interaction between gender, irritability and emotion 
regulation did not change this pattern of results. 
CP. For CP, the model including irritability and emotion regulation was significant 
(F(4,106) = 3.69, p = .007; see Table 2). Again there was a main effect of irritability but 
not of emotion regulation. However, adding the interaction between irritability and 
emotion regulation did not change the nature of the effect: higher levels of irritability 
were associated with higher levels of CP (see Figure 1). Also adding the higher order 
interaction with gender did not change these results. 
EP. Neither the model including irritability and emotion regulation, nor the overall 
model that additionally included the interaction between both predictors, was 
significant (F(4,106) = 0.81, p = .520 and F(5,105) = 0.66, p = .656 respectively; see Table 
2 and Figure 1). 
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Table 2 
Summary of Regression Effects of Irritability and Emotion regulation 
 
Outcome 
EP 
β 
.01 
-.06 
.15 
-.09 
-.03 
-.03 
Note.
 t
 = p < .10; * = p < .05; ** = p < .01; *** = p < .001 
ΔR
2
 
< .01 
 
.03 
 
< .01 
< .01 
CP 
β 
-.03 
-.01 
.36*** 
-.08 
-.02 
-.13 
ΔR
2
 
< .01 
 
.12** 
 
<.01 
.01 
ADHD 
β 
-.16
 t
 
-.01 
.22* 
.13 
-.20* 
-.05 
ΔR
2
 
.03 
 
.07* 
 
.04* 
< .01 
 
 
 
Gender 
Prematurity 
Irritability 
Emotion regulation 
Irritability x Emotion regulation 
Gender x Irritability x Emotion regulation 
 
Predictors 
 
Model 1 
 
Model 2 
 
Model 3 
Model 4 
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Figure 1. Simple slopes for the relationship between irritability and the outcome 
measures at three conditional values of emotion regulation (mean score and 1 SD below 
and above the mean score) 
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DISCUSSION 
In the current study, we investigated shared and distinct effects of irritability and 
emotion regulation at 24 months in the prediction of symptoms of ADHD and CP at 4-5 
years. A multi-method approach was chosen; parent ratings were used to measure 
irritability, whereas emotion regulation was observed. It was hypothesized that higher 
levels of irritability and lower levels of emotion regulation at 24 months would predict 
ADHD symptomatology at 4-5 years, whereas only higher levels of irritability would be 
associated with later CP. We also hypothesized emotion regulation to emerge as a 
moderator in the relationship between irritability and symptoms of ADHD. Our findings 
largely confirm these hypotheses. First, irritability did predict both ADHD symptoms and 
CP. Second, whereas no direct link between emotion regulation and ADHD symptoms or 
CP was found, emotion regulation served as a moderator in the relation between 
irritability and ADHD symptomatology, which was not the case for CP. EP were not 
predicted by irritability or by the use of emotion regulation strategies, which further 
supports the specificity of the findings. It has to be noted that although several studies 
have indicated that prematurity increases the risk for later ADHD (Thapar, Cooper, Eyre, 
& Langley, 2013), it did not predict symptomatology in the current study. 
The finding that irritability, rated by the parents when their child was 24 months 
old, predicted later symptoms of ADHD and CP accords with previous findings pointing 
to irritability and the broader construct of negative emotional reactivity in infancy or 
preschool (6 months to 6 years) as predictors for later ADHD and CP (Auerbach et al., 
2008; Dougherty et al., 2013; Eisenberg et al., 2009; Frick & Morris, 2004; Gurevitz et al., 
2014; Morrell & Murray, 2003; Muris & Ollendick, 2005; Olson et al., 2005; Rettew & 
McKee, 2005; Stringaris et al., 2010; Sullivan et al., 2015; Wakschlag et al., 2015). Most 
interestingly, emotion regulation had a distinctive predictive value for ADHD compared 
to CP. This extends previous findings that were not conclusive about whether the 
association with effortful control in children with CD could be attributed to specific 
problems in emotion regulation or a broader deficit in executive functions (Frick & 
Morris, 2004). In addition, it extends the findings that the link between emotion 
regulation and ADHD cannot be explained by the overlap between ADHD and CP (Martel 
et al., 2013; Sjöwall et al., 2015). The fact that we did not find irritability or emotion 
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regulation to be predictive of later EP, further supports the specificity of the findings. 
Earlier research has demonstrated a link between emotional dysregulation and 
internalizing disorders (Folk et al., 2014; Morgan et al., 2014; Wakschlag et al., 2015), 
but findings are not conclusive as some studies have demonstrated high levels of anger 
and low levels of effortful control to be related to externalizing disorders and not 
internalizing disorders (Eisenberg et al., 2001; Eisenberg et al., 2009). 
The current study is to our knowledge the first study to investigate the 
distinctiveness of emotion regulation as a predictor for ADHD in a longitudinal design. 
Previous studies were either cross-sectional and indicated that less adaptive emotion 
regulation in 6-month-olds or 5- to 6-year-olds is associated with increased risk for 
ADHD (high parental ADHD) or higher levels of ADHD symptoms (Sjöwall et al., 2015; 
Sullivan et al., 2015). Or these studies predicted ADHD together with other behavioral 
problems in a longitudinal design and demonstrated that less adaptive emotion 
regulation predicts externalizing symptoms (Hill et al., 2006; Rydell et al., 2003; Supplee 
et al., 2009). It has to be noted that, in contrast to these studies, we did not find 
evidence for the prediction of ADHD symptoms by an adaptive emotion regulation style 
as such, as marked by the absence of a main effect. Instead, emotion regulation 
moderated the predictive effect of irritability. Higher levels of irritability were only 
associated with higher levels of symptomatology if the children displayed low to 
moderate levels of emotion regulation during the frustrating task. The fact that we 
found a moderating effect is in accord with studies indicating a moderating role of 
effortful control in the relationship between negative emotional reactivity and ADHD 
symptom severity (Healey et al., 2011; Martel et al., 2012). However, these studies 
demonstrated that higher negative affect was (more strongly) related to more severe 
symptoms of ADHD when effortful control was high. In contrast, our results correspond 
with results in school-aged children demonstrating that adaptive emotion regulation 
countered the negative effect of perceived peer stress on psychopathology (Sontag & 
Graber, 2010). Our results indicate that in children who displayed a low or average level 
of distraction and an average or high level of continued task engagement, higher levels 
of irritability were predictive of higher levels of ADHD symptomatology. It suggests that 
high levels of distraction counter the effect of irritability on the development of ADHD 
symptomatology. The moderating effect was not distinct for boys and girls, in contrast 
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with the distinct pattern found in school-aged children in which adaptive emotion 
regulation strategies only countered the effect of peer stress on psychopathology in girls 
(Sontag & Graber, 2010).  
The current findings have important clinical implications. The results demonstrate 
that irritability in combination with emotion regulation, measured in toddlerhood, could 
serve as a predictor for ADHD risk and could disentangle between ADHD and CP risks. 
Therefore, both indices of reactivity and regulation should be included in models of early 
detection of ADHD. Moreover, based on our findings, an early intervention program 
targeting both aspects of emotional dysregulation seems very promising particularly for 
ADHD. However, it has to be noted that these effects need further replication, and more 
importantly, that for a treatment program on emotional dysregulation to be effective in 
impeding the development of ADHD symptoms, emotion regulation must have a causal 
role. In the current study, we were unable to pronounce upon causality because we did 
not have a measure of ADHD symptomatology at the age of 24 months and further 
research is warranted to test the causality of the effects. Nevertheless, the findings 
suggest that with regard to ADHD particularly emotion regulation may be an important 
potential target for early intervention programs.  
Some limitations of the current study have to be mentioned. First, although the 
initial sample consisted of 410 children, only 134 children had complete and usable data 
for the regression analyses. The mothers from the remaining children included in the 
analyses were higher educated and were more likely to have a job than the mothers of 
children who dropped out. Therefore, the results should be interpreted with caution 
because the study sample is not fully representative of the population. Second, we 
cannot make any statement about whether children scoring high on ADHD symptoms in 
the current study will actually receive a diagnosis of ADHD later in life. Third, even 
though we used a multimethod approach, informant bias might still have had some 
influence. Fourth, despite the distinctive effect of emotional dysregulation on ADHD and 
CP and the lack of effects of emotional dysregulation on EP, further supporting the 
specificity of the findings, we cannot make any conclusions about the distinctiveness of 
effects with respect to other disorders. 
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To summarize, both bottom-up and top-down processes (as a moderator) 
implicated in emotional dysregulation were identified as early predictors for later ADHD 
symptoms, whereas only irritability was predictive for CP. These results implicate that 
emotion regulation might be an important specific risk factor for ADHD. 
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GENERAL DISCUSSION 
 
 
 
 
 
 
 
 
 
 
The main objective of this doctoral dissertation was to broaden our knowledge on 
emotion regulation in children with ADHD and to examine the predictive value of 
emotion regulation and reactivity (irritability) at a young age for later ADHD symptoms. 
For this purpose, several empirical studies were conducted. The goal of this last chapter 
is to integrate and discuss the most important findings of these empirical studies. In 
addition, the theoretical, methodological and clinical implications will be summarized. 
Finally, we discuss some of the limitations of the conducted studies and formulate 
suggestions for future research. 
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RECAPITULATION OF THE RESEARCH GOALS 
This dissertation had as its main objective to broaden our knowledge on emotion 
regulation in children with attention-deficit/hyperactivity disorder (ADHD) because 
emotional dysregulation is an important associated feature in a substantial proportion of 
these children. The clinical expression of emotional dysregulation consists of excessive 
and inappropriate emotional responses and emotional lability, manifested in temper 
outbursts, mood swings, irritability and low frustration tolerance (Shaw, Stringaris, Nigg, 
& Leibenluft, 2014). These might reflect a heightened level and intensity of emotional 
reactions or impaired emotion regulation because both bottom-up and top-down 
processes may underpin emotional dysregulation in ADHD (Posner, Maia, et al., 2011; 
Shaw et al., 2014). In this dissertation, these processes are called emotional reactivity 
and emotion regulation respectively, and the latter is used to refer to the voluntary, self-
regulation of emotions. To gain more insight into emotion regulation in ADHD, we 
focused on three specific strategies and compared each time the emotion regulation 
skills of children with ADHD to their typically developing (TD) peers. The three strategies, 
attentional control (Chapter 2), cognitive change (Chapter 4), and response modulation 
(Chapter 3) were studied by means of an experimental paradigm. 
The second objective was to examine the role of emotional dysregulation as a 
distinctive early predictor for later ADHD symptoms. We investigated in a prospective, 
longitudinal design if both aspects of emotional dysregulation, reactivity (more 
specifically irritability) and emotion regulation, were associated with symptoms of ADHD 
and conduct problems (CP). The moderation effect of emotion regulation and the 
distinctiveness of the predictors for later ADHD symptoms compared to CP and 
emotional problems (EP) were examined. 
OVERVIEW AND INTEGRATION OF THE MAIN FINDINGS 
We will start this section with an overview of the findings related to our first 
research aim, followed by a summary of possible explanations for the inconsistency in 
findings. Next, we compare our results to previous findings and discuss important issues 
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for the interpretation of the results. Furthermore, we will elaborate on some of the 
indices used to measure emotion regulation. Finally, the results with regard to our 
second research aim are reported. 
Emotion regulation skills in children with ADHD 
Three aspect of emotion regulation, adopted from the process model of Gross 
(Gross & Thompson, 2007), were under study in this dissertation: attentional 
deployment, cognitive change and response modulation. The results of the studies yield 
support for deficits in specific strategies but not for a consistent pattern of impairment 
across different emotion regulation strategies.  
Attentional deployment. Attentional deployment, or the (voluntary) control of 
where to focus attention on (Gross & Thompson, 2007), was operationalized as 
maintaining task performance in the presence of emotional, task irrelevant, distracting 
information (Chapter 2). In the E-n-back task, designed to measure working memory, 
positively and negatively valenced pictures were added in the background and reaction 
times between these conditions and a condition with neutral pictures were compared. 
The results were not supportive of a specific impairment in emotional interference 
control in children with ADHD. The slowing down as a result of the emotional 
information in the background was similar in both groups. In contrast, children with 
ADHD showed a larger increase in reaction time than TD children in the condition with a 
neutral picture compared to a condition with no distraction, suggestive of a generic 
interference control deficit. To summarize, compared to a condition with no distraction, 
children with ADHD did encounter more problems with maintaining performance in the 
presence of both distracting neutral and emotional information. However, the 
interference of emotional information on performance did not seem to reflect a specific 
emotional deficit but merely a generic interference problem, which has been found 
previously in children with ADHD (Lansbergen, Kenemans, & van Engeland, 2007; 
Mullane, Corkum, Klein, & McLaughlin, 2009). Other studies investigating the allocation 
of attention to emotional stimuli, with behavioral experimental paradigms, did not 
include a condition without distraction within the same task, impeding conclusions with 
regard to generic interference control (Köchel, Leutgeb, & Schienle, 2014; López-Martín, 
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Albert, Fernández-Jaén, & Carretié, 2013, 2015; Passarotti, Sweeney, & Pavuluri, 2010a, 
2010b; Posner, Maia, et al., 2011). 
Cognitive change. One very important adaptive emotion regulation strategy is 
cognitive reappraisal (Aldao, Nolen-Hoeksema, & Schweizer, 2010; Belden, Pagliaccio, 
Murphy, Luby, & Barch, 2015; Carthy, Horesh, Apter, Edge, & Gross, 2010; Garnefski, 
Rieffe, Jellesma, Terwogt, & Kraaij, 2007; Gross & John, 2003). Because this strategy is 
difficult to reliably capture with self- or other-reports (Zeman, Klimes-Dougan, Cassano, 
& Adrian, 2007), the effectiveness of directed cognitive reappraisal of negative pictures 
was evaluated by means of the late positive potential (LPP) modulation (Chapter 4). This 
modulation represents a reduction in the LPP amplitude after a picture combined with a 
neutral, reappraising story as compared to one combined with a negative story and 
signifies less sustained attention to reappraised pictures. In a time window of 600 to 
1000 ms after presentation of the picture (succeeding the story), children with ADHD 
displayed less LPP modulation than TD children, suggesting less effective cognitive 
reappraisal. The same trend was seen in a later window. Moreover, within the ADHD-
group, LPP modulation was small to moderately, negatively correlated to the severity of 
hyperactive/impulsive symptoms. Smaller reappraisal induced modulation was 
associated with more severe symptoms of hyperactivity/impulsivity, adding to the 
evidence of deficient cognitive reappraisal in ADHD. In addition, the self-reports 
indicated that children with ADHD use less reappraisal in daily life. Our results 
correspond with studies that on the one hand indicate that the use of reappraisal is 
associated with adaptive functioning and less psychopathology and on the other hand 
that children with ADHD report less use of reappraisal compared to children without 
ADHD (Aldao et al., 2010; Belden et al., 2015; Carthy et al., 2010; Eisenberg, Fabes, 
Guthrie, & Reiser, 2000; Garnefski et al., 2007; Schmitt, Gold, & Rauch, 2012; Zeman, 
Cassano, Perry-Parrish, & Stegall, 2006). However, the use of reappraisal has not in all 
previous studies been found to relate to ADHD symptomatology (Braet et al., 2014).  
Response modulation. To our knowledge, there are no studies available that have 
evaluated response-focused strategies in children with ADHD. To answer the question if 
children with ADHD can modulate the action tendencies elicited in the emotion 
generative process, an approach-avoidance paradigm, previously used in adults 
(Bamford et al., 2015; Bamford & Ward, 2008), was conducted (Chapter 3). Two 
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conditions were compared: a congruent condition where children could follow the 
action tendencies and approach positive and avoid negative pictures, and an 
incongruent condition in which children were instructed to modulate these action 
tendencies by doing the opposite (avoiding positive and approaching negative pictures). 
Children with ADHD performed similar to TD children in both conditions; hence, the 
results were not supportive of impaired response modulation. 
Explanation of inconsistent findings  
In the first three empirical studies, which investigated emotion regulation strategies 
in children with ADHD, not all the results were supportive of an emotion regulation 
deficit. Only the study with the LPP could find evidence for the hypothesis of impaired 
emotion regulation in children with ADHD. These null findings and the inconsistency 
between the findings of the studies, call for some answers.  
The problem with null findings is that it does not necessarily imply that the null 
hypothesis (in our case that there is no impairment in the emotion regulation strategy 
under study) is true. The results could be dependent upon the power of the analyses or 
confounding factors. The lack of power could be problematic in small samples as ours. 
However, it should be noted that in the E-n-back task, the power was sufficient to detect 
a significant group difference in non-emotional distractibility. With respect to the 
approach-avoidance task, we cannot fully exclude a power problem. However, the effect 
size for the interaction effect of condition and group, the effect of interest if response 
modulation would be different for children with ADHD and TD children, was smaller than 
.001, suggesting that group had no important effect on response modulation. In 
addition, the issue of possible confounding factors needs some discussion. The most 
important potentially confounding factors, gender, age, and IQ were matched between 
groups. Moreover, the analyses in which we controlled for age and gender did not result 
in a different pattern of relevant effects. In contrast, the heterogeneity of the ADHD 
samples may have accounted for the lack of group differences with respect to emotion 
regulation. The samples of all three studies consisted of almost equal numbers of 
children with ADHD predominantly inattentive type (ADHD-IA) and children with either 
ADHD combined type (ADHD-C) or ADHD predominantly hyperactive/impulsive type 
(ADHD-HI). Different subtypes may be characterized by different deficits and emotional 
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dysregulation has been differently associated with the symptom clusters (Chhabildas, 
Pennington, & Willcutt, 2001; Maedgen & Carlson, 2000; Martel, 2009; Schmitz et al., 
2002). High levels of positive and negative reactivity and less effective emotion 
regulation have been linked to hyperactivity/impulsivity but not inattention. 
Consequently, the substantial number of children with ADHD-IA might have accounted 
for the lack of significant differences between ADHD and TD groups. However, even 
though reappraisal induced LPP modulation was only related to hyperactivity/ 
impulsivity, LPP modulation discriminated between children with ADHD and without 
ADHD, despite the heterogeneity of the ADHD sample. Therefore we believe that the 
heterogeneity as a result of the presence of different subtypes cannot fully explain the 
lack of group differences in the other two studies. 
An additional issue that could provide an explanation for the null findings is the 
validity of the measures. First, the E-n-back task and the approach-avoidance task might 
not have been suitable to capture the intended emotion regulation strategies. However, 
it is important to note that the expected task effects were found across groups, 
weakening this argument of task validity. Second, we demonstrated in Chapter 5 that 
caution is needed when interpreting the LPP in children younger than 12 (see also 
below). The lower sensitivity of the LPP in this age group might explain the lack of 
modulation effects within the group of children with ADHD and TD children in Chapter 4. 
However, a difference between both groups in LPP modulation was established and this 
modulation effect was correlated with the level of hyperactivity/impulsivity, despite a 
lower sensitivity of the LPP in this age range.  
Another factor, associated with the measures, that could provide an explanation for 
the lack of impairment in attentional deployment and response modulation in contrast 
to cognitive reappraisal, is the level of analysis. Studies including both behavioral and 
neural measures found an effect of emotional information on performance in EF tasks at 
the neural level but not at the behavioral level, suggestive of compensatory mechanisms 
(López-Martín et al., 2015; Passarotti et al., 2010a). This means that neural indices may 
be more sensitive to capture impairments in emotion regulation. Our results are in 
accord with these studies as we could not evidence impairments in emotion regulation 
in our behavioral studies but showed an effect of emotion regulation on a neural 
marker. Therefore, the use of event related potentials (ERPs) or neuroimaging methods 
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may be very beneficial in studying emotion regulation, more specifically to gain insight 
into underlying covert processes (Banaschewski & Brandeis, 2007).  
In conclusion, although we cannot fully exclude that methodological issues may 
have played a role in the inconsistency in results across the studies, it may also simply 
indicate that not all emotion regulation strategies are impaired in children with ADHD. 
This adds to the common believe that ADHD is a very heterogeneous disorder, both in 
clinical presentation as in neuropsychological deficits (Nigg, 2005; Sonuga-Barke, 
Bitsakou, & Thompson, 2010; Sonuga-Barke, Wiersema, van der Meere, & Roeyers, 
2010). It would therefore not be surprising that with respect to emotion regulation, not 
all aspects are impaired but rather some aspects of emotion regulation. Although the 
ADHD samples of the two behavioral studies show a great overlap, the sample of the 
ERP-study is a different sample. Therefore, we cannot compare the cognitive reappraisal 
skills to attentional deployment and response modulation within the same children. 
Is emotional dysregulation in ADHD the result of deficits in emotion regulation? 
How do our results relate to previous findings? Emotional dysregulation has long 
been recognized as an associated feature of ADHD and has lately received renewed 
interest (Shaw et al., 2014). In the literature search, we came across a lot of studies on 
the clinical expression of emotional dysregulation, e.g., irritability, reactive aggression, 
emotional lability (e.g., Ambrosini, Bennett, & Elia, 2013; Anastopoulos et al., 2011; 
Shaw et al., 2014; Skirrow et al., 2014; Sobanski et al., 2010; Stringaris & Goodman, 
2009). These studies clearly indicated that ADHD and emotional dysregulation are 
related. From a temperamental perspective, these clinical expressions are indications of 
emotional reactivity, the bottom-up component of emotion regulation. The top-down, 
voluntary regulation of this emotional reactivity has been less the subject of studies. To 
operationalize the top-down aspect, tasks capturing executive functions (EFs) have been 
adapted by incorporating an emotional dimension. A few studies have administered 
such tasks in a sample of children with ADHD, yielding mixed results. At a behavioral 
level, some studies could evidence emotion regulation deficits (Köchel et al., 2014; 
López-Martín et al., 2013; Posner, Maia, et al., 2011), whereas others could not (López-
Martín et al., 2015; Passarotti et al., 2010a, 2010b). In contrast, in neuroimaging and 
ERP-studies, emotional information consistently had a greater impact in children with 
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ADHD than in TD children (López-Martín et al., 2013, 2015; Passarotti et al., 2010a; 
Posner, Nagel, et al., 2011). Our results partly correspond with the previous literature, 
demonstrating emotion regulation deficits at the neural level whereas significant results 
at the behavioral level could not be found. We have extended the literature by 
investigating other important emotion regulation strategies, besides allocation of 
attention.  
Despite the focus on top-down control of emotions, bottom-up reactivity is always 
implicated and it is difficult to distinguish from top-down emotion regulation (Cole, 
Martin, & Dennis, 2004). This raises the question: does emotional dysregulation result 
from deficits in emotional reactivity, emotion regulation, or both? A recent study by 
López-Martín et al. (2015) demonstrated that although children with ADHD maintained 
similar levels of task performance as TD children, they showed a greater activation of 
neural mechanisms, suggestive of a higher need for top-down control. Their results raise 
therefore the assumption that children with ADHD do not suffer from a deficit in top-
down control of emotions but from a deficit in emotional reactivity, demanding more 
top-down control. Based on our data, we cannot directly compare the contribution of 
both components of emotional dysregulation in ADHD but we could ask ourselves the 
question: could our results be explained by differences is emotional reactivity? 
Temperament studies demonstrated that children with ADHD are more reactive, 
exhibiting more negative affect and surgency (De Pauw & Mervielde, 2011; Martel, 
2016; Martel, Gremillion, Roberts, Zastrow, & Tackett, 2014; Martel & Nigg, 2006; Muris 
& Ollendick, 2005). In addition, the neural response to emotional stimuli was found to 
be intensified in children with ADHD (Brotman et al., 2010; López-Martín et al., 2013, 
2015; Posner, Maia, et al., 2011). In line with these findings, the rating of the pictures in 
our behavioral studies suggested higher reactivity to positive pictures. However, if a 
higher reactivity would have influenced the effects, we would at least expect more 
impaired emotion regulation in children with ADHD compared to TD children. A lack of 
group differences could therefore not be attributed to a difference in emotional 
reactivity between TD children and children with ADHD. It is also doubtful that our 
findings with respect to cognitive reappraisal were an effect of a higher reactivity to 
negative pictures (or stories) in the ADHD group. The group difference in LPP amplitude, 
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irrespective of valence of the story, indicated smaller LPP amplitudes in children with 
ADHD and therefore rather points to the direction of lower reactivity.  
The results of our studies also raised another important question on the nature of 
emotion regulation deficits: does impaired emotion regulation result from generic 
deficits in EF? Our results seem to suggest that at least some aspects of deficient 
emotion regulation might be attributable to deficits in EF. In Chapter 2, we 
demonstrated that non-emotional distracting information interfered more with task 
performance in children with ADHD compared to TD children whereas emotional 
distracting information had a similar interfering effect on task performance in both 
groups. In Chapter 3, we used a task in which cognitive control was less implicated. The 
fact that dissimilar emotion regulation in children with ADHD compared to TD children 
could not be evidenced in this task could fit with the idea that impaired emotion 
regulation merely reflects an EF deficit. In the cognitive reappraisal task, working 
memory is implicated and thus we cannot rule out that deficits in EF have attributed to 
the distinct effects of cognitive reappraisal on the LPP modulation in children with and 
without ADHD. If so, our results would be in line with the executive dysfunction theory of 
Barkley (1997), assuming that deficits in emotion regulation arise from primary deficits 
in inhibitory control. However, it is important to note that attentional deployment and 
cognitive reappraisal pre-eminently are emotion regulation strategies that rely on 
cognitive control (Dennis, 2010). In contrast, other authors have evidenced that emotion 
regulation deficits independently contribute to ADHD symptomatology (Banaschewski et 
al., 2012; Berlin, Bohlin, Nyberg, & Janols, 2004; Sjöwall, Roth, Lindqvist, & Thorell, 
2013). However, it should be noted that these studies measured emotion regulation by 
means of parent ratings. In studies with experimental paradigms, cognitive control 
deficits have not often been taken into account. One neuro-imaging study controlled for 
cognitive control and found that emotional interference in adolescents with ADHD in an 
emotional Stroop task was underpinned by neural alterations in the medial prefrontal 
cortex, independent from cognitive control and thus specifically related to emotion 
(Posner, Maia, et al., 2011). 
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Indices to study emotion regulation in children 
Because of the possible confound of cognitive demands in a lot of experimental 
paradigms in the study of emotion regulation, we chose to adopt a paradigm in which 
the cognitive demands are kept to a minimum, focusing directly on the modulation of 
emotional responses. The approach-avoidance paradigm, in its current format (without 
the use of a lever or joystick), had never been used before in children but has been 
validated in an adult sample (Bamford et al., 2015; Bamford & Ward, 2008). A recent 
meta-analysis (Phaf, Mohr, Rotteveel, & Wicherts, 2014) concluded that the most 
important aspect of approach-avoidance paradigms is the visual effect of the moving 
closer or moving away of the stimuli (whether or not by a joystick), which was present in 
the paradigm we used. The results of our study (Chapter 3) validate the use of this 
paradigm in children. We were able to demonstrate the expected congruency effect: 
children reacted slower when instructed to approach negative pictures and avoid 
positive pictures, requiring regulation of their automatic emotional response tendencies, 
than when instructed to approach positive and avoid negative pictures. The findings also 
indicate an effect of order of conditions, suggesting learning effects, which call for taking 
into account order effects when analyzing and interpreting results from this particular 
approach-avoidance paradigm. 
In this dissertation we also investigated the possibilities of the LPP as a neural 
marker for emotion regulation in children, to be able to better interpret the findings of 
Chapter 4. Even though the LPP modulation by reappraisal discriminated between 
children with ADHD and TD children in that chapter, the index varied a lot within both 
groups and no significant modulation effect was found in either group. Moreover, 
because it is difficult to capture underlying processes with behavioral measures and 
deficits are not always displayed, as evidenced in our first two studies, a 
neurophysiological marker offers a lot of advantages. The few existing studies in children 
that investigated modulations of the LPP induced by cognitive reappraisal, substantiate 
that the LPP is a promising neural marker (e.g., Babkirk, Rios, & Dennis, 2014; Dennis & 
Hajcak, 2009) but not every study could demonstrate the expected modulation effects 
(DeCicco, O'Toole, & Dennis, 2014; DeCicco, Solomon, & Dennis, 2012; Leventon & 
Bauer, 2016). An important factor that may relate to the lack of a modulation effect in 
some child studies, may be the child’s age (e.g., DeCicco et al., 2014). Indeed, we found 
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that age had a linear positive effect on the LPP modulation and a reliable modulation 
effect was only found in a group of children of 12 to 15 years old (Chapter 5). In younger 
children, the LPP seems less sensitive and caution is warranted when interpreting effects 
of LPP modulation in children younger than 12. Despite the lack of a reliable LPP 
modulation effect in the youngest age group, this modulation effect could differentiate a 
group of children with ADHD from TD children. To further validate the LPP as a marker 
for cognitive reappraisal, self-reported reappraisal was linked to the LPP modulation. 
However, the results were inconsistent with regard to these associations. Whereas in 
the study comparing a TD group to a group with ADHD (Chapter 4), positive small to 
moderate correlations were found between the LPP modulation and self-reported 
reappraisal, no such correlations were found in a larger sample of TD children, even not 
in the oldest group (Chapter 5). This inconsistency was unexpected because not only is 
the latter sample larger, the Cronbach’s α of the self-reported reappraisal was slightly 
higher, the variability in self-reported scores was similar and the variability in LPP 
modulation was slightly smaller.  
Prediction of ADHD symptoms by early emotional dysregulation 
A second aim of the dissertation was to examine if emotional dysregulation can be 
seen as an early marker for ADHD by investigating its distinctive predictive value for 
symptoms of ADHD, CP and EP in a longitudinal study (Chapter 6). We found that the 
two aspects of emotional dysregulation, emotional reactivity and emotion regulation, 
were implicated for symptoms of ADHD but not CP or EP. For emotional reactivity, we 
focused on the reactivity to anger and frustration, also known as irritability, because 
elevated reactivity to anger but not sadness has been found to be associated with 
symptoms of both ADHD and CP (Eisenberg et al., 2001; Eisenberg et al., 2009). In our 
study, irritability as rated by the parent when the child was 24 months old predicted 
symptoms of ADHD but also of CP at 4-5 years. Emotion regulation strategies, observed 
during a frustrating task at 24 months, could not predict symptoms of any of the 
disorders as such but it functioned as a moderator in the prediction of ADHD symptoms. 
Children who used a moderate to high amount of task engagement (i.e., goal-directed 
behavior and asking for help) and moderate to low levels of distraction were 
characterized by a positive relation between levels of irritability and symptomatology. 
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This moderating effect of emotion regulation could not be detected for symptoms of CP 
or EP. Therefore, we can conclude that the combination of both aspects of emotional 
dysregulation uniquely predicted the occurrence of ADHD symptoms in preschool.  
This is in accord with the developmental trait model of Martel (Martel, 2009; 
Martel, Gremillion, & Roberts, 2012; Martel, Roberts, & Gremillion, 2013) that links 
negative emotionality to both ADHD and other disruptive behavior disorders, but 
effortful control only to ADHD. Our results are also more in line with the emotion 
regulation specificity hypothesis stating that, despite shared common underlying 
etiologies, different disorders are characterized by specific impairments in emotion 
regulation (see Braet et al., 2014). Our results suggest that the use of distraction, goal-
directed actions and asking for help (in combination with irritability) might be uniquely 
related to symptoms of ADHD. In contrast to the emotion regulation specificity 
hypothesis, the transdiagnostic hypothesis assumes that the use of emotion regulation 
strategies is not uniquely related to a specific disorder but that certain links with 
emotion regulation strategies occur across disorders. This hypothesis has been 
evidenced for acceptance, reappraisal, problem solving, avoidance, rumination and 
suppression in a meta-analysis across several samples of children and adults (Aldao et 
al., 2010). In addition, specifically for children, problem-oriented action and acceptance 
were transdiagnostically related to emotional problems, besides specific associations 
between particular disorders and emotion regulation strategies (Braet et al., 2014). 
These results, demonstrating that evidence can be found for both transdiagnostic and 
specific associations, dependent on the specific emotion regulation strategy, implies that 
we cannot generalize our result of a unique effect of emotion regulation for symptoms 
of ADHD to other strategies than the ones we used.  
Because we did not include a measure for ADHD symptomatology at 24 months, we 
cannot infer causality and define emotional dysregulation as a risk factor for the 
development of ADHD. However, we believe that it could be a possible risk factor and 
that adaptive emotion regulation skills might have the potential to impede the 
development of ADHD. Important to note is that only 14% of variance in ADHD 
symptoms could be explained by irritability and emotion regulation, implying that even 
if emotional dysregulation has a causal role in the development of ADHD, other factors 
are also implicated and will affect the occurrence of symptoms. Other implications of 
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the results of this longitudinal study, and the other studies included in this dissertation, 
are outlined in the next section.  
IMPLICATIONS OF THE RESEARCH FINDINGS 
Theoretical and methodological implications 
Conceptual models on emotional dysregulation and ADHD. The link between ADHD 
and emotional dysregulation has been conceptualized in different ways and so far it 
remains indecisive which conceptualization is best because of the lack of research 
evidence (Shaw et al., 2014). A first model puts emotional dysregulation at the same 
level as the core symptom dimensions of inattention, hyperactivity and impulsivity 
(Barkley & Murphy, 2010). It assumes that the same neuropsychological deficits 
underpin both emotional dysregulation and the other core symptoms of ADHD and 
therefore that cognitive and emotional regulatory systems are interrelated. A second 
model states that ADHD alone and ADHD with emotional dysregulation are two distinct 
subtypes with distinct cognitive deficits (Biederman et al., 2012; Surman et al., 2011). 
Finally, a third model postulates that ADHD and emotional dysregulation are distinct, 
correlated dimensions with distinct but partly overlapping underlying 
neuropsychological deficits (Shaw et al., 2014). This last model is in line with the idea of 
multiple pathways to ADHD (e.g., Nigg & Casey, 2005).  
The results of our first empirical study are in favor of the first model stating that 
inattention, hyperactivity, impulsivity and emotional dysregulation are based upon the 
same neuropsychological deficits but could also fit in the third model in which the 
underlying neuropsychological deficits of the core symptoms and emotional 
dysregulation overlap. From the null findings in Chapter 3 no pronouncements can be 
made. The finding that symptom severity of hyperactivity/impulsivity is related to the 
extent of reappraisal induced LPP modulation but not symptom severity of inattention 
does not speak for Model 1 because in that case impaired cognitive reappraisal would 
have been related to inattention as well. Whether the cognitive deficits supporting 
ADHD symptoms and emotional regulation are distinct or partly overlapping cannot be 
deduced from these results. The results of the longitudinal study are very hard to 
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interpret in terms of the conceptual models because they are at a phenotypic level. To 
conclude, from our results no conclusions can be made in terms of conceptualization of 
the link between ADHD and emotional dysregulation.  
Developmental pathways to ADHD. The well-recognized neuropsychological 
heterogeneity in ADHD can be explained by multiple pathways leading to ADHD (e.g., 
Nigg, Goldsmith, & Sachek, 2004; Sonuga-Barke, Bitsakou, et al., 2010). Two well-known 
pathways are behavioral inhibition and delay aversion, combined in the dual pathway 
model of ADHD (Sonuga-Barke, 2003). Recently, also temporal processing deficits, 
reaction time variability, and emotional functioning have been proposed as possible 
independent contributors in the development of ADHD (Sjöwall et al., 2013; Sonuga-
Barke, Bitsakou, et al., 2010). Because our results showed that children with ADHD 
experience problems with emotion regulation and previous studies indicated a high 
prevalence of emotional dysregulation in ADHD, predictive of more severe impairment 
(Anastopoulos et al., 2011; Shaw et al., 2014), it would have an additional value to 
include emotion regulation (and emotional reactivity) in developmental pathways to 
ADHD, as also suggested by Sjöwall et al. (2013). However, because our results suggest 
that not all aspect of emotion regulation might be deficient, caution is warranted in 
identifying the particular strategies that should be included and how to assess these 
strategies. 
Methodological implications. A first methodological implication is that it is 
important to make a distinction between cognitive regulation and emotion regulation 
when conducting experiments with cognitive control demands. In the specific working 
memory task we used, the slower responding on trials with emotional distraction in 
children with ADHD were not a result of a specific impairment in emotion regulation but 
were an effect of a general deficit in cognitive control. We would not have been able to 
draw this conclusion if we only had compared emotional distraction to no distraction (in 
that case we would have concluded that emotional interference is deficient in children 
with ADHD) or if we had not compared non-emotional distraction to no distraction (in 
that case we would have concluded that there was no problem at all in children with 
ADHD). Because it has proven useful in our study on the strategy of attentional 
deployment, it could also be useful to distinguish cognitive and emotional control in 
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other paradigms focusing on other strategies to broaden our knowledge on the 
interdependence of cognitive and emotional control. 
A second methodological implication concerns the approach-avoidance task. 
Although the task proved to be valid to elicit a congruency effect in children, the order 
of the conditions had an influence on the congruency effect. This suggests that other 
approach-avoidance paradigms might also be influenced by the order of the conditions 
in the task. It calls for further investigation of these order effects but more importantly 
for an adaptation of the task to diminish the influence of learning effects. One possibility 
might be to create smaller blocks of congruent and incongruent trials and to include 
more alterations between these blocks. 
Finally, this dissertation highlights the added value of using ERP-measures to study 
emotion regulation in children. In our two behavioral studies no emotion regulation 
deficits could be demonstrated, whereas the ERP-study showed a different LPP 
modulation after reappraisal in TD children and children with ADHD. In line with 
previous studies, we can conclude that it is valuable to include a neural marker to 
account for compensatory effects (López-Martín et al., 2015; Passarotti et al., 2010a) 
and to reveal deficits in covert underlying processes (Banaschewski & Brandeis, 2007). In 
addition, this dissertation calls for caution when using the LPP as a neural marker for 
emotion regulation in school-aged children. For the specific strategy of cognitive 
reappraisal, the LPP seemed not that sensitive in this age group. Despite the lack of a 
reappraisal induced modulation effect, school-aged children might have used cognitive 
reappraisal effectively. Although the LPP modulation has not been proven reliably in 
school-aged children, it has to be noted that it was possible to distinguish between a 
group of TD children and a group of children with ADHD. The usefulness of the LPP in 
research on emotion regulation in clinical child samples requires further investigation. In 
addition, future research could try to improve the sensitivity of the LPP for example by 
reducing the working memory demands in the task. 
Clinical implications 
Treatment. The findings have important clinical implications. The fact that we were 
not able to prove an overall emotion regulation deficit in children with ADHD, does not 
imply that emotion regulation should not be an element of intervention. We did find for 
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cognitive reappraisal that children with ADHD were impaired. In addition, children with 
ADHD and emotional dysregulation show more severe impairments (Anastopoulos et al., 
2011; Shaw et al., 2014). However, to date, little is known about the effect of treatment 
programs on emotional dysregulation (Shaw et al., 2014). Although treatments targeting 
ADHD symptoms and a joint parent–child intervention for severe mood dysregulation 
both seemed helpful in reducing irritability (de la Cruz et al., 2015; Waxmonsky et al., 
2016), our results promote inclusion of interventions targeting emotion regulation 
strategies as well in treatment programs of children with ADHD. A training of self-
regulation in general, targeting behavioral, emotional and cognitive control is one 
possibility (Berkman, Graham, & Fisher, 2012). However, adjusting the treatment plan to 
target the specific emotion regulation deficits identified in each child individually might 
be more effective given the heterogeneity in ADHD. This calls for a thorough assessment 
of emotion regulation skills before implementation of any intervention. Our results 
suggest that cognitive techniques aimed to learn children how to think differently and 
reappraise situations might prove to be helpful in some children with ADHD. On the 
other hand, our results also suggest that at least a part of the emotion regulation 
difficulties that children with ADHD experience may be attributable to generic EF 
deficits, which could be a target of intervention in these children. However, the 
usefulness of attention or EF training for emotion regulation deficits in ADHD still has to 
be established (Sonuga-Barke et al., 2013).  
Early identification and intervention. As outlined in Chapter 6, the bottom-up and 
top-down components of emotional dysregulation are valuable in the early identification 
of children at risk for ADHD. Moreover, specifically the top-down component could aid 
in the discrimination of risk for ADHD versus risk for CP. However, as it only accounted 
for a small percentage of explained variance in symptoms and as emotional 
dysregulation is not common in every child with ADHD, emotion regulation as such is not 
sufficient as an early screener for ADHD. Nevertheless, early intervention models 
including emotion regulation skills could be beneficial for children at risk for ADHD. 
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LIMITATIONS 
Several specific limitations were already discussed in each of the separate chapters 
(and in the previous sections in this chapter). In this section, we would like to direct 
attention to some limitations referring to the dissertation in its totality. 
Sample characteristics 
Although all children with ADHD had received a clinical diagnosis from a 
professional and this diagnosis was verified by means of a clinical interview, the samples 
were recruited from the community and therefore could probably be characterized by 
less severe impairments (Brassett-Harknett & Butler, 2007). Because the presence of 
emotional dysregulation in ADHD is associated with more severe impairment 
(Anastopoulos et al., 2011; Shaw et al., 2014), it is possible that our samples do not 
exhibit a lot of emotional dysregulation. In addition, the clinical samples were 
characterized by heterogeneity in clinical manifestation. A substantial part of the 
children only displayed symptoms of inattention, whereas some aspects of emotional 
dysregulation might only be present in children with hyperactive/impulsive symptoms. 
Furthermore, there was comorbidity with ODD in some of the children that could also 
have influenced the results, although additional analyses proved that likely possible 
(Chapters 2 and 4). However, the small sample size restricted the systematic 
investigation of subtype differences in emotion regulation skills or the effect of 
comorbidities on those skills. 
The sample of the longitudinal study was also a community sample, characterized 
by low levels of symptomatology. To improve early identification models for children 
referred to the clinic, this sample might not have been representative. Moreover, as a 
result of dropout, the sample with full data consisted of children from families with a 
higher socioeconomic status. Because socioeconomic functioning has an influence on 
adaptive functioning (Bradley & Corwyn, 2002), it is possible that the effects would be 
different in a sample with lower socioeconomic status.  
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Methodological issues 
We chose in this dissertation for the use of experimental tasks to be able to move 
beyond the phenotypic level and study underlying processes of the clinical manifestation 
of emotional dysregulation. This choice restrains the ecological validity. In everyday life, 
more value might be ascribed to emotional stimuli because they are related to a 
personal, competing goal and thus demand more control. In other words, the reactivity 
might be a lot greater in everyday situations and additional goals can arise as a result of 
which the experimental paradigms depict a wrong picture of the emotion regulation 
abilities in everyday life. With respect to reappraisal, it should also be noted that the 
reappraisal was directed in our experiment. Although there could be situations in which 
another person (i.e., a parent, a teacher, a peer) provides an alternative interpretation, 
children often have to come up with their own alternative interpretations in everyday 
life. We did not investigate the children’s abilities to produce alternative meanings. 
However, this could also hamper cognitive reappraisal in everyday situations. Finally, in 
our empirical studies, we isolated every time one specific strategy to gain more insight 
into the effectiveness of that specific strategy in children with ADHD. In contrast, in 
everyday life, children have to choose between available emotion regulation strategies 
and emotional dysregulation can rise from maladaptive choices or problems with 
switching between alternatives (see also the extended process model; Gross, 2015). A 
misjudgment of the consequences of a certain strategy or attaching a different value to 
positive and negative consequences may lead to different choices. According to the 
accounts emphasizing motivational deficits, the choice of children with ADHD is more 
dependent on context factors (e.g., Sonuga-Barke, Taylor, Sembi, & Smith, 1992; 
Sonuga-Barke, Wiersema, et al., 2010). It should therefore not be irrational that, for 
example, their pursuit of immediate reward influences their choice for a particular 
emotion regulation strategy. In the next section we elaborate further on this by the 
extended process model of Gross in which it is assumed that deficient emotion 
regulation can also result from problems in the identification of the situation or 
selection of the appropriate strategy, besides the problematic implementation of a 
strategy (Gross, 2015). 
Given the fact that behavioral differences between groups can be masked due to for 
example compensatory mechanisms or lower sensitivity of the paradigms, it is 
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warranted to use a multi-method approach. Therefore, it is a limitation that we did not 
combine behavioral and ERP-measures. In addition, source localization in the ERP-
studies could have added to the results by providing the possibility to investigate the 
distinctiveness of regions involved in cognitive reappraisal in children with ADHD 
compared to TD children or between children of different age groups.  
Prediction model 
A different kind of limitation is related to the prediction model adopted in our 
longitudinal study. We chose to include only child characteristics as predictors in the 
model because we aimed to get more insight into the role of emotion regulation in 
ADHD. However, it is not unlikely that the effect of emotional dysregulation on 
symptoms of ADHD could be affected by the social environment. Studies demonstrated 
that parents have a large influence on the development of emotion regulation via for 
example coaching or modelling of emotional responses (Bocknek, Brophy-Herb, & 
Banerjee, 2009; Morris, Silk, Steinberg, Myers, & Robinson, 2007; Rogers, Halberstadt, 
Castro, MacCormack, & Garrett-Peters, 2016). Moreover, emotion regulation of the 
child and emotion socialization by the parent act additively in predicting behavioral 
problems. On the one hand it has been evidenced that supportive maternal responses to 
the child’s emotions moderate the link between emotion regulation skills of the child 
and externalizing problems (Suveg, Shaffer, Morelen, & Thomassin, 2011). On the other 
hand it has been found that the child’s self-control abilities moderate the association 
between maternal response to the child’s emotions and externalizing disorders (Morris 
et al., 2002; Yi, Gentzler, Ramsey, & Root, 2016). There is definitely more research 
needed to elucidate the complex interplay between the child’s emotion regulation and 
the social environment in the prediction of symptoms of ADHD.  
FUTURE DIRECTIONS 
In this dissertation, we focused on three strategies of emotion regulation, 
independently in separate papers to give us an idea of the emotion regulation skills of 
children with ADHD. Because emotion regulation is not impaired in all children, it could 
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also be possible that one strategy is not deficient in one child but another is, resulting in 
different emotion regulation profiles. Therefore, is would be very interesting to apply 
different paradigms in the same sample of children to investigate multiple strategies or 
aspects of emotion regulation within the same child. It addition, a combination of 
behavioral and ERP-measures would be more conclusive on certain deficits.  
Not only the non-effective implementation of adaptive emotion regulation 
strategies, but also a non-effective identification of the situation or selection of a 
suitable strategy can cause or add to deficient emotion regulation. In the extended 
process model of Gross (2015) three stages are distinguished in the emotion regulation 
cycle: identification (evaluation of whether or not to regulate, after detection of the 
emotion), selection (choosing an appropriate emotion regulation strategy), and 
implementation (translating the chosen strategy in a plan that is suitable for the specific 
situation). A failure to regulate emotions can result from deficiencies at every stage. In 
the identification stage, the detection of the emotion and the value attributed to either 
the detected emotion or the regulation of that emotion have an influence on emotion 
regulation. Problems in the second stage can arise from the representation of only a few 
possible strategies, the misevaluation of the effectiveness of a strategy or low self-
efficacy. Finally, in the implementation stage, the representation of tactics may be 
difficult or their evaluation inaccurate or the execution of the strategy may constitute 
the problem. Even when all these stages are passed through in a good way, problematic 
emotion regulation can result from a failure to maintain emotion regulation as long as 
needed, a failure to switch strategies when necessary or switching repeatedly, and 
premature or delayed stopping of emotion regulation (Gross, 2015). In most studies 
included in this dissertation, emotion regulation was directed and therefore only deficits 
in the implementation of emotion regulation strategies were under study. However, as 
deficits can arise from all stages, future research should attempt to study how children 
with ADHD identify situations in which emotion regulation is needed and how the choice 
for a certain strategy is made. In addition, we decided to focus on the voluntary aspects 
of emotion regulation in the studies in this dissertation. However, Gross proposed a 
continuum from conscious and effortful processes to rather automatic, unconscious 
control processes (Gross & Thompson, 2007). It might be very interesting to study the 
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automatic emotional control processes in ADHD and their link to symptoms of emotional 
dysregulation. 
There are a few methodological challenges for future research, including the 
development of more ecological valid experimental paradigms. Although the IAPS are a 
valid and standardized set of stimuli, developed to conduct emotion research, and 
proven effectively to use with children (McManis, Bradley, Berg, Cuthbert, & Lang, 
2001), it could be more valid to use stimuli that have a personal value for the children, 
for example pictures of their pet, baby brother, grandparents, favorite toys or things 
that frustrate them or make them scared. However, this is a tricky job because it cannot 
be the aim to upset the children (too much) during the experiment. It would require a 
preceding inventorying of suitable stimuli with the aid of the parents to evaluate the 
possible impact of the stimuli on the child, which is a very time-consuming process. 
Another methodological challenge would be to find or develop a paradigm suitable to 
better distinguish effects of reactivity from emotion regulation. To disentangle reactivity 
and regulation in established paradigms, physiological measures can be added. A final 
methodological challenge is to find ways to increase the sensitivity of the LPP for 
emotion regulation in younger children. It seems from the literature that reducing the 
working memory demands could offer a solution (Hua, Han, & Zhou, 2015). 
Our results of the last empirical chapter add to the early detection models of ADHD 
and suggest possible targets for early intervention. However, to improve early 
intervention models, further research is warranted to prove the causal relationship 
between early emotion regulation skills and later ADHD. In addition, it is recommended 
to study the interplay of emotion regulation and environmental factors (e.g., emotion 
socialization of the parent) in the development of ADHD to improve early detection of 
children at risk for ADHD. Knowledge on environmental factors contributing to emotion 
regulation or to the development of ADHD in interaction with emotion regulation is 
important to develop early intervention models. For example, emotion socialization of 
the parent could be addressed by parent interventions. 
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FINAL CONCLUSION 
This dissertation demonstrates the important role of emotion regulation in (the 
development of) ADHD. The results do not point to a generic deficit in emotion 
regulation, across different emotion regulation strategies, but to a specific deficit in 
cognitive reappraisal in children with ADHD. Therefore, targeting cognitive reappraisal in 
intervention programs may be beneficial for some children with ADHD. Moreover, it 
could have an additional value to include emotion regulation as a possible target in early 
intervention models because the interaction between emotion regulation and irritability 
predicted later symptoms of ADHD. The interaction of both aspects of emotional 
dysregulation was uniquely related to ADHD but not CP or EP. Consequently, this calls 
for inclusion of emotional dysregulation in early detection models of ADHD. Finally, this 
dissertation has added to the literature on emotion regulation in children by 
demonstrating that the included approach-avoidance paradigm is useful to study 
emotion regulation in children. Moreover, we showed that the LPP can be used as a 
neural marker for emotion regulation in a cognitive reappraisal task in children from 12 
years onwards but that caution is warranted in younger children. 
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NEDERLANDSTALIGE SAMENVATTING 
INLEIDING 
ADHD 
Aandachtsdeficiëntie-/hyperactiviteitsstoornis, beter bekend als ADHD (naar de 
Engelse benaming attention-deficit/hyperactivity disorder), is een neurobiologische 
ontwikkelingsstoornis die wereldwijd bij 3,4 % van de kinderen en adolescenten 
voorkomt (Polanczyk, Salum, Sugaya, Caye, & Rohde, 2015). Zoals bepaald door de 
Diagnostic and Statistical Manual of Mental Disorders - vijfde editie (DSM-5; American 
Psychiatric Association, 2013), wordt de stoornis gekenmerkt door symptomen van 
onoplettendheid en/of hyperactiviteit-impulsiviteit, die naargelang hun voorkomen in de 
laatste 6 maanden aanleiding geven tot drie klinische beelden: een gecombineerd beeld 
met minimum 6 kenmerken van beide symptoomclusters, een overwegend onoplettend 
beeld met minimum zes kenmerken van onoplettendheid en een overwegend 
hyperactief-impulsief beeld met minimum zes kenmerken van hyperactiviteit-
impulsiviteit. Deze symptomen zijn reeds aanwezig voor de leeftijd van 12 jaar en 
manifesteren zich in meerdere contexten (vb. thuis en op school). Daarnaast 
interfereren de symptomen met het dagelijks functioneren en geven ze aanleiding tot 
beperkingen in het persoonlijke, sociale, schoolse en beroepsmatige functioneren 
(American Psychiatric Association, 2013; Nijmeijer et al., 2008; Wehmeier, Schacht, & 
Barkley, 2010). In de vorige editie van de DSM (DSM-IV-TR) werd de stoornis 
onderverdeeld in drie subtypes, die overeenstemmen met de tijdelijke klinische beelden 
in DSM-5 aangezien er slechts minimale veranderingen doorgevoerd zijn in de 
symptomen (American Psychiatric Association, 2000). De kinderen met ADHD in de 
studies van dit doctoraatsonderzoek kregen allemaal een officiële diagnose gebaseerd 
op deze vorige editie van de DSM. 
Naast de symptomen van onoplettendheid en hyperactiviteit-impulsiviteit zijn er 
vaak bijkomende klinische karakteristieken (American Psychiatric Association, 2013). Zo 
wordt een aanzienlijk deel van de personen met ADHD gekenmerkt door emotionele 
problemen (Shaw, Stringaris, Nigg, & Leibenluft, 2014). Hun emotionele reacties zijn 
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vaak intens en overdreven in vergelijking met wat sociaal aanvaard wordt en ze worden 
gekenmerkt door labiliteit, wat zich uit in stemmingsschommelingen, prikkelbaarheid en 
een lage frustratietolerantie (Anastopoulos et al., 2011; Skirrow, McLoughlin, Kuntsi, & 
Asherson, 2009; Sobanski et al., 2010; Stringaris & Goodman, 2009). Dit klinisch beeld 
wordt in de literatuur benoemd als emotionele dysregulatie en het voorkomen ervan bij 
ADHD wordt geassocieerd met ernstigere beperkingen dan wanneer emotionele 
dysregulatie niet aanwezig is samen met ADHD (Anastopoulos et al., 2011; Shaw et al., 
2014). 
De associatie tussen ADHD en emotionele dysregulatie kan gekaderd worden 
binnen de belangrijkste neuropsychologische verklaringsmodellen, die de symptomen en 
bijhorende beperkingen beschouwen als uitingen van een verstoorde zelfregulatie (Nigg, 
2005). Eén van de meest invloedrijke theorieën, de executieve dysfunctietheorie, plaatst 
de oorzaak van ADHD bij een deficit in gedragsmatige inhibitie, dat op zijn beurt 
verstoringen in andere executieve functies (EF’s) veroorzaakt zoals de regulatie van 
affect (Barkley, 1997). EF is een verzamelnaam voor een reeks van hogere-orde top-
down cognitieve functies die ingezet worden om een bepaald doel te bereiken en 
daardoor essentieel zijn voor zelfregulatie (Castellanos, Sonuga-Barke, Milham, & 
Tannock, 2006). Hoewel verschillende verklaringsmodellen van ADHD benadrukken dat 
ADHD in essentie een stoornis is in kernaspecten van zelfregulatie, is er in de literatuur 
weinig aandacht besteed aan het reguleren van emoties. Nochtans wordt een lage mate 
van emotieregulatie op jonge leeftijd gezien als een mogelijke risicofactor voor ADHD 
(Sjöwall, Backman, & Thorell, 2015; Sullivan et al., 2015). 
We kunnen besluiten dat emotionele dysregulatie een belangrijk onderdeel is van 
ADHD en mogelijks in de ontwikkeling van ADHD. Om emotionele dysregulatie beter te 
begrijpen is het nodig om een zicht te hebben op de onderliggende processen. Het beeld 
kan het gevolg zijn van een verhoogde reactiviteit (meer frequent en intens reageren 
met positieve of negatieve emoties) of van een verminderd vermogen tot 
emotieregulatie (Posner, Maia, et al., 2011; Shaw et al., 2014). Dit proefschrift richt zich 
op emotieregulatie. 
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Emotieregulatie 
Er bestaat tot nog toe geen consensus over de definitie van emotieregulatie, onder 
andere omdat er geen algemeen aanvaarde definitie van emoties bestaat (Cole, Martin, 
& Dennis, 2004; Thompson, 1994). Desondanks wordt het algemeen aanvaard dat 
emoties biologische en dynamische processen zijn, die zich uitspreiden over de tijd, die 
samengaan met een waardering van de situatie en waarbij actietendensen ontstaan 
(Campos, Frankel, & Camras, 2004; Cole et al., 2004). Emotieregulatie kan gedefinieerd 
worden als de extrinsieke en intrinsieke processen die verantwoordelijk zijn voor het 
opvolgen, evalueren en aanpassen van emotionele reacties, meer specifiek de intensiteit 
en het tijdsverloop van deze reacties, met als oogmerk om een doel te bereiken 
(Thompson, 1994). In dit proefschrift wordt bovenstaande definitie van emotieregulatie 
gehanteerd, maar de studies beperken zich tot het bestuderen van intrinsieke (vanuit 
het kind zelf), bewuste vormen van emotieregulatie. Aangezien een emotie bestaat uit 
verschillende componenten (fysiologische reacties, aandachtsprocessen, waardering, 
actietendensen) die zich ontplooien over de tijd, kan emotieregulatie op verschillende 
componenten en op verschillende momenten tijdens het ontstaan van een emotie 
inwerken (Campos et al., 2004; Thompson, 1994). Deze assumptie zit vervat in het 
procesmodel van Gross (1998), dat vijf groepen emotieregulatiestrategieën 
onderscheidt, die elk op een andere fase tijdens het ontstaan van de emotie inwerken: 
selectie van de situatie, wijziging van de situatie, aandachtscontrole, cognitieve 
verandering en modulatie van de respons (Gross, 1998; Gross & Thompson, 2007). 
Onderzoek naar emotieregulatie in ADHD 
Hoewel voorgaand onderzoek heeft aangetoond dat kinderen met ADHD 
gekenmerkt worden door emotionele dysregulatie (Shaw et al., 2014), is er weinig 
onderzoek dat zich specifiek gericht heeft op de top-down component, namelijk 
emotieregulatie. Aangezien in het dagelijks leven cognitieve taken vaak plaatsvinden in 
emotioneel veeleisende situaties, hebben enkele studies aandachtscontrole bestudeerd 
door emotioneel afleidende stimuli toe te voegen aan bestaande EF-taken (Dennis, 
Malone, & Chen, 2009; Zelazo & Cunningham, 2007). Deze studies leveren op 
gedragsniveau echter inconsistente resultaten op. Sommige studies vonden evidentie 
voor een verstoorde emotieregulatie bij kinderen met ADHD terwijl anderen dit niet 
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vonden (Köchel, Leutgeb, & Schienle, 2014; López-Martín, Albert, Fernández-Jaén, & 
Carretié, 2013; Passarotti, Sweeney, & Pavuluri, 2010a, 2010b; Posner, Maia, et al., 
2011). Op het neuraal niveau echter duiden de studies consistent op verstoringen in 
emotieregulatie bij kinderen met ADHD (López-Martín et al., 2013; López-Martín, Albert, 
Fernández-Jaén, & Carretié, 2015; Passarotti et al., 2010a; Posner, Nagel, et al., 2011). 
Dit pleit voor de inclusie van bijvoorbeeld event-related potentials (ERP’s) in onderzoek 
naar emotieregulatie omdat deze uitermate geschikt zijn om onderliggende, coverte 
cognitieve processen te bestuderen (Banaschewski & Brandeis, 2007; Dennis, 2010). In 
studies naar emotieregulatie bij ADHD zijn ERP’s echter nog weinig gebruikt. 
DOELSTELLINGEN VAN HET DOCTORAATSONDERZOEK 
De belangrijkste doelstelling van het doctoraat was meer inzicht krijgen in het 
reguleren van emoties bij kinderen met ADHD. In de huidige literatuur zijn 
experimentele paradigma’s naar onderliggende processen van emotieregulatie schaars 
en bovendien gelimiteerd tot het bestuderen van aandachtscontrole (zie hierboven). In 
dit doctoraatsonderzoek werden drie verschillende emotieregulatiestrategieën bij 
kinderen met ADHD onder de loep genomen, namelijk aandachtscontrole, cognitieve 
verandering en modulatie van de respons, ontleend aan het procesmodel van Gross 
(2015). Meer specifiek werd onderzocht of kinderen met ADHD verschillen van typisch 
ontwikkelende (TO) kinderen op vlak van emotionele interferentie tijdens een 
werkgeheugentaak (hoofdstuk 2), cognitieve herwaardering van negatieve plaatjes 
(hoofdstuk 4) en onderdrukking van automatische toenaderings- en vermijdingsreacties 
(hoofdstuk 3). Hiervoor werd telkens gebruik gemaakt van een experimenteel design, 
aangevuld met ERP-correlaten in hoofdstuk 4. In elk van de studies werd voorondersteld 
dat kinderen met ADHD problemen zouden laten zien met het reguleren van emoties.  
Een tweede doelstelling van het doctoraatsonderzoek betrof het onderzoeken of 
emotionele dysregulatie beschouwd kan worden als een voorspeller voor latere 
symptomen van ADHD. De literatuur toont aan dat zowel emotionele reactiviteit en 
meer specifiek prikkelbaarheid (d.i. een hoge mate en intensiteit van kwaadheid en 
frustratie) als emotieregulatie op jonge leeftijd gekoppeld zijn aan symptomen van 
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ADHD of het risico op het later ontwikkelen van ADHD (Auerbach et al., 2008; Gurevitz, 
Geva, Varon, & Leitner, 2014; Healey, Marks, & Halperin, 2011; Jarrett, Gilpin, Pierucci, 
& Rondon, 2015; Martel, Gremillion, & Roberts, 2012; Martel, Gremillion, Roberts, 
Zastrow, & Tackett, 2014; Martel, Roberts, & Gremillion, 2013; Sjöwall et al., 2015; 
Sullivan et al., 2015). Er bestaan echter weinig longitudinale studies en ADHD wordt niet 
altijd onderscheiden van andere gedragsstoornissen. In het laatste hoofdstuk van dit 
proefschrift werd de unieke en gedeelde voorspellende waarde van prikkelbaarheid en 
emotieregulatie nagegaan voor symptomen van ADHD en gedragsproblemen op 4 à 5 
jarige leeftijd in een longitudinale opzet.  
OVERZICHT EN BESPREKING VAN DE BELANGRIJKSTE ONDERZOEKSRESULTATEN 
Emotieregulatie bij kinderen met ADHD 
De resultaten van de 3 eerste studies laten geen consistent patroon van verstoorde 
emotieregulatie zien bij kinderen met ADHD. Voor aandachtscontrole en modulatie van 
de respons werden geen verschillen gevonden met TO-kinderen. Cognitieve 
herwaardering daarentegen bleek minder efficiënt bij kinderen met ADHD dan TO-
kinderen. 
In de studie rond aandachtscontrole werd nagegaan hoe goed kinderen hun 
prestaties op een werkgeheugentaak in stand konden houden onder afleidende 
omstandigheden (neutrale plaatjes, positieve plaatjes en negatieve plaatjes) ten 
opzichte van geen afleiding. Hoewel kinderen met ADHD meer afgeleid waren door 
zowel emotionele als neutrale achtergrondinformatie bleek er geen verschil te bestaan 
tussen deze twee condities. Hieruit werd besloten dat afleiding door emotionele stimuli 
niet wijst op een specifiek emotieregulatieprobleem in ADHD maar veeleer op een 
algemeen deficit in interferentiecontrole. Het ontbreken van een probleem in 
emotionele interferentie op gedragsniveau bij kinderen met ADHD sluit aan bij een 
aantal voorgaande studies (López-Martín et al., 2015; Passarotti et al., 2010a, 2010b), 
maar komt niet overeen met een aantal andere studies die wel evidentie vonden voor 
een emotioneel interferentieprobleem bij kinderen met ADHD (Köchel et al., 2014; 
López-Martín et al., 2013; Posner, Maia, et al., 2011). 
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Cognitieve herwaardering werd onderzocht met behulp van een ERP-studie waarin 
de late positieve potentiaal (LPP) gebruikt werd als neurale index voor emotieregulatie. 
Voorgaande studies hebben aangetoond dat de LPP-amplitude bij kinderen kleiner is na 
herwaardering dan na een negatieve interpretatie, wat een aanduiding geeft voor 
verminderde aandacht (Dennis & Hajcak, 2009; Hua, Han, & Zhou, 2015). Dit wordt de 
LPP-modulatie genoemd. De kinderen in onze studie kregen een reeks van negatieve 
plaatjes te zien waarvan een deel gekoppeld werd aan een negatieve interpretatie en 
een deel aan een neutrale interpretatie (d.i. de herwaarderingsconditie). Tussen 600 en 
1000 ms na het verschijnen van het plaatje (volgend op de interpretatie) was de LPP-
modulatie kleiner bij kinderen met ADHD dan bij TO-kinderen. Eenzelfde trend werd 
gezien in het verdere tijdsverloop van de LPP. Daarnaast bleek de sterkte van het 
modulatie-effect samen te hangen met de ernst van de symptomen hyperactiviteit-
impulsiviteit: hoe kleiner de LPP-modulatie, hoe meer symptomen. Deze resultaten 
wijzen er op dat cognitieve herwaardering minder effectief is bij kinderen met ADHD. 
Bovendien gebruiken kinderen met ADHD deze emotieregulatiestrategie ook minder dan 
TO-kinderen, zoals aangegeven in de zelfrapportagevragenlijst. Deze laatste bevinding 
werd reeds in voorgaand onderzoek gerapporteerd (Schmitt, Gold, & Rauch, 2012). 
Bovendien sluiten onze resultaten aan bij de eerder aangetoonde link tussen cognitieve 
herwaardering enerzijds en adaptief functioneren en verminderde psychopathologie 
anderzijds (Aldao, Nolen-Hoeksema, & Schweizer, 2010; Belden, Pagliaccio, Murphy, 
Luby, & Barch, 2015; Carthy, Horesh, Apter, Edge, & Gross, 2010; Eisenberg, Fabes, 
Guthrie, & Reiser, 2000; Garnefski, Rieffe, Jellesma, Terwogt, & Kraaij, 2007; Zeman, 
Cassano, Perry-Parrish, & Stegall, 2006).  
Een laatste strategie die we onder de loep genomen hebben in het 
doctoraatsonderzoek is het moduleren van de respons in functie van emotieregulatie. 
Voor zover wij weten werd dit nooit eerder onderzocht bij kinderen met ADHD. Om deze 
strategie in kaart te brengen werd een beroep gedaan op de automatische neiging om 
op positieve prikkels met toenadering en op negatieve prikkels met vermijding te 
reageren. In de taak werd aan de kinderen gevraagd om een snelle inschatting te maken 
van positieve en negatieve plaatjes en op een toets te drukken zodat het plaatje ofwel 
dichterbij kwam (toenadering), ofwel verder wegging (vermijding). In de congruente 
conditie werd kinderen gevraagd om te reageren met toenadering op de positieve 
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plaatjes en met vermijding op de negatieve. In de incongruente conditie moesten 
kinderen op een tegenovergestelde manier reageren en ingaan tegen hun automatische 
responstendens. Het verschil tussen deze condities geeft het reguleren van de 
responstendens weer, maar dit bleek niet afwijkend te zijn bij kinderen met ADHD. 
Verklaring van de inconsistente resultaten  
In 2 van de 3 studies werden geen verschillen gevonden in emotieregulatie tussen 
kinderen met ADHD en TO-kinderen. Dit kan op verschillende manieren verklaard 
worden. Ten eerste kunnen deze resultaten te wijten zijn aan een te lage power omwille 
van de kleine steekproeven. Hierbij dient opgemerkt te worden dat de power wel 
voldoende bleek om een algemeen interferentieprobleem bij kinderen met ADHD te 
detecteren in de studie met de werkgeheugentaak. Ten tweede kunnen andere factoren 
een storende invloed gehad hebben op de resultaten zoals bijvoorbeeld geslacht, leeftijd 
en IQ. De verdeling van deze drie variabelen was echter gelijk in de groep kinderen met 
en de groep kinderen zonder ADHD. Bovendien werd geen ander patroon van resultaten 
bekomen wanneer er in de analyses gecontroleerd werd voor geslacht of leeftijd. Een 
andere belangrijke, mogelijks beïnvloedende factor is de heterogeniteit van de ADHD-
steekproef. Volgens sommige studies is emotionele dysregulatie voornamelijk gelinkt 
aan hyperactiviteit-impulsiviteit (Maedgen & Carlson, 2000; Martel, 2009). Het feit dat 
ongeveer de helft van de kinderen uit de steekproef behoort tot het overwegend 
onoplettendheidstype kan mogelijks het ontbreken van een deficit in emotieregulatie in 
onze steekproef van kinderen met ADHD verklaren. Daarbij moet opgemerkt worden dat 
er in de ERP-studie wel een verschil in emotieregulatie kon aangetoond worden tussen 
kinderen met ADHD en TO-kinderen terwijl de steekproef dezelfde verdeling kende en 
enkel de symptomen hyperactiviteit-impulsiviteit samenhingen met emotieregulatie. 
Ten derde kunnen de nulresultaten eventueel verklaard worden vanuit de validiteit van 
de taken. Het is mogelijk dat de taken niet geschikt waren om de bedoelde 
emotieregulatiestrategieën te meten. Hier kunnen we echter tegen inbrengen dat de 
taken naar aandachtscontrole en modulatie van de respons over de groepen heen de 
verwachte effecten lieten zien. De validiteit van de LPP als maat voor emotieregulatie 
werd verder onderzocht in dit doctoraatsonderzoek (zie verder). Hieruit bleek dat de 
sensitiviteit van de LPP lager is bij kinderen jonger dan 12 jaar dan bij oudere kinderen. 
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Desondanks werd er toch een verschil in LPP-modulatie gevonden tussen de groepen 
met en zonder ADHD. Ten vierde is het ook een mogelijkheid dat neurale maten 
sensitiever zijn voor verschillen in emotieregulatie dan gedragsmaten aangezien we 
enkel in de ERP-studie een deficiënte emotieregulatie vonden. Dit werd ook geopperd in 
voorgaand onderzoek waarin een combinatie tussen gedrags- en neurale maten gebruikt 
werd en het effect van emotionele stimuli enkel kon aangetoond worden op neuraal 
niveau, maar niet op gedragsniveau (López-Martín et al., 2015; Passarotti et al., 2010a). 
Hoewel de bovenstaande verklaringen voor de nulresultaten niet volledig uitgesloten 
kunnen worden, kunnen de resultaten van onze studies ten slotte ook betekenen dat 
niet alle strategieën van emotieregulatie verstoord zijn bij kinderen met ADHD. Dit sluit 
aan bij de gedeelde opvatting dat ADHD een heterogene stoornis is, zowel qua klinisch 
beeld als in neuropsychologische beperkingen (Nigg, 2005; Sonuga-Barke, Bitsakou, & 
Thompson, 2010; Sonuga-Barke, Wiersema, van der Meere, & Roeyers, 2010). Dit zou 
dus impliceren dat niet alle aspecten van emotieregulatie verstoord zijn, maar slechts 
bepaalde aspecten. 
Interpretatie van de resultaten: is emotionele dysregulatie het gevolg van verstoorde 
emotieregulatie? 
De symptomen van emotionele dysregulatie die men in de literatuur koppelt aan 
ADHD kunnen het gevolg zijn van een verhoogde reactiviteit of van een verstoorde 
emotieregulatie (Posner, Maia, et al., 2011; Shaw et al., 2014). In dit 
doctoraatsonderzoek werd specifiek deze laatste hypothese bestudeerd.  
Ondanks de specifieke focus op regulatie van emoties in onze taken is reactiviteit 
steeds aanwezig en blijft de vraag of de beperkingen in ADHD veroorzaakt worden door 
een verhoogde reactiviteit of een verstoorde emotieregulatie. Op basis van onze taken 
kunnen we beide componenten niet rechtstreeks vergelijken, maar we kunnen ons wel 
afvragen of een verhoogde reactiviteit onze resultaten mogelijks kan verklaren. In de 
gedragsstudies suggereert de beoordeling van de stimuli door de kinderen dat kinderen 
met ADHD sterker reageren op positieve plaatjes. Deze hogere reactiviteit zou een 
verschil tussen kinderen met ADHD en TO-kinderen kunnen verklaren maar het 
ontbreken van een verschil, zoals het geval was, kan hierdoor niet verklaard worden. In 
onze ERP-studie lijkt het ook weinig waarschijnlijk dat een hogere reactiviteit mee aan 
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de oorsprong ligt van de minder effectieve herwaardering bij kinderen met ADHD omdat 
bij deze kinderen over de condities heen een kleinere LPP gevonden werd, wat een 
lagere reactiviteit suggereert. 
Bij de interpretatie van de resultaten is het ook belangrijk om ons af te vragen of 
een verstoorde emotieregulatie het gevolg is van beperkingen in EF’s. In de literatuur 
zijn de meningen over de relatie tussen emotieregulatie en EF’s verdeeld (Banaschewski 
et al., 2012; Barkley, 1997; Berlin, Bohlin, Nyberg, & Janols, 2004; Sjöwall, Roth, 
Lindqvist, & Thorell, 2013). Onze resultaten laten zien dat op zijn minst sommige 
aspecten van een verstoorde emotieregulatie toe te schrijven zijn aan beperkingen in 
EF’s. In de werkgeheugentaak werd aangetoond dat de interferentie van emotionele 
stimuli bij kinderen met ADHD niet te wijten is aan een specifiek emotioneel probleem 
maar aan een algemeen interferentieprobleem. De taak naar het moduleren van 
responsen deed veel minder een beroep op cognitieve controle. Het feit dat in deze taak 
geen verschillen tussen ADHD en TO gevonden werden, kan hierdoor aansluiten bij het 
idee dat deficiënte emotieregulatie het gevolg is van verstoorde EF’s. In de cognitieve 
herwaarderingstaak ten slotte werd het werkgeheugen van de kinderen aangesproken 
en daardoor kunnen we niet uitsluiten dat een beperking in EF’s bijgedragen heeft tot de 
verschillen in LPP-modulatie door cognitieve herwaardering tussen kinderen met en 
zonder ADHD.  
Voorspelling van ADHD-symptomen aan de hand van vroege emotionele dysregulatie 
Een tweede belangrijk doel van dit doctoraatsonderzoek was het onderzoeken van 
de unieke voorspellende waarde van de twee aspecten van emotionele dysregulatie, 
reactiviteit (onder de vorm van prikkelbaarheid) en emotieregulatie, voor latere 
symptomen van ADHD en gedragsproblemen. Prikkelbaarheid, dat gemeten werd aan de 
hand van ouderrapportage op 2 jaar, voorspelde symptomen van ADHD en 
gedragsproblemen op de leeftijd van 4 à 5 jaar. Emotieregulatie, dat geobserveerd werd 
tijdens een frustrerende taak op 2 jaar, voorspelde als zodanig geen enkel van de 
symptomen op latere leeftijd, maar had een modererend effect op de relatie tussen 
prikkelbaarheid en ADHD-symptomen. Een hogere mate van prikkelbaarheid voorspelde 
de aanwezigheid van meer symptomen van ADHD bij kinderen die een gemiddelde tot 
hoge mate van doelgericht gedrag en hulp vragen hanteerden en een gemiddelde tot 
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lage mate van afleiding. Dit modererende effect van emotieregulatie was niet aanwezig 
voor symptomen van gedragsproblemen of emotionele problemen. Hierdoor kunnen we 
besluiten dat de combinatie van beide aspecten van emotionele dysregulatie uniek 
voorspellend is voor latere ADHD-symptomen in vergelijking met gedragsproblemen en 
emotionele problemen. We kunnen echter geen uitspraken doen over causaliteit omdat 
we geen meting van ADHD-symptomen op 2-jarige leeftijd hebben. Daarnaast voorspelt 
emotionele dysregulatie slechts 14% van de variantie in ADHD-symptomen en dus wordt 
het voorkomen van symptomen ook door heel wat andere factoren bepaald. 
Deze resultaten sluiten aan bij de literatuur waarin een vroege prikkelbaarheid 
zowel aan latere symptomen van ADHD als gedragsproblemen gelinkt werd (Auerbach et 
al., 2008; Dougherty et al., 2013; Eisenberg et al., 2009; Frick & Morris, 2004; Gurevitz et 
al., 2014; Morrell & Murray, 2003; Muris & Ollendick, 2005; Olson, Sameroff, Kerr, 
Lopez, & Wellman, 2005; Rettew & McKee, 2005; Stringaris, Maughan, & Goodman, 
2010; Sullivan et al., 2015; Wakschlag et al., 2015). Emotieregulatie op jonge leeftijd is in 
eerder onderzoek geassocieerd met ADHD (Sjöwall et al., 2015; Sullivan et al., 2015), 
maar de link met gedragsproblemen was minder duidelijk (Frick & Morris, 2004). Onze 
resultaten stemmen eveneens overeen met het trekmodel van Martel (Martel, 2009; 
Martel et al., 2012; Martel et al., 2013), waarin verondersteld wordt dat negatieve 
reactiviteit gelinkt is aan zowel ADHD als gedragsstoornissen, maar effortful control (d.i. 
de ruimere zelfregulatiecomponent van temperament) enkel aan ADHD. Onze 
bevindingen sluiten ook aan bij studies die een modererend effect vonden van effortful 
control op de relatie tussen negatieve reactiviteit en ADHD (Healey et al., 2011; Martel 
et al., 2012). Daarnaast liggen onze resultaten in lijn met de emotieregulatie 
specificiteitshypothese. Deze stelt dat ondanks een gedeelde etiologie, verschillende 
stoornissen gekenmerkt worden door specifieke beperkingen in emotieregulatie (zie 
Braet et al., 2014). Onze resultaten suggereren dat doelgericht gedrag, hulp vragen en 
afleiding uniek gerelateerd zouden kunnen zijn aan symptomen van ADHD. Aangezien 
eerder onderzoek liet zien dat er afhankelijk van de specifieke emotieregulatiestrategie 
zowel specifieke linken als ook transdiagnostische linken voorkomen (Braet et al., 2014), 
kunnen onze resultaten niet gegeneraliseerd worden naar andere strategieën. 
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IMPLICATIES VAN DE ONDERZOEKSBEVINDINGEN 
Theoretische implicaties 
In de literatuur wordt er op verschillende manieren vorm gegeven aan de link 
tussen ADHD en emotionele dysregulatie (Shaw et al., 2014). In een eerste model wordt 
emotionele dysregulatie gezien als een kernsymptoom naast onoplettendheid en 
hyperactiviteit-impulsiviteit (Barkley & Murphy, 2010). Daarbij wordt verondersteld dat 
dezelfde neuropsychologische beperkingen aan de basis liggen van zowel emotionele 
dysregulatie als onoplettendheid/hyperactiviteit-impulsiviteit en bijgevolg dat cognitieve 
en emotionele controlesystemen met elkaar in verband staan. In een tweede model 
worden ADHD met emotionele dysregulatie en ADHD zonder emotionele dysregulatie 
gezien als twee te onderscheiden subtypes met te onderscheiden cognitieve 
beperkingen (Biederman et al., 2012; Surman et al., 2011). Een derde model ten slotte 
veronderstelt dat ADHD en emotionele dysregulatie te onderscheiden maar 
gecorreleerde dimensies zijn waaraan afzonderlijke maar gedeeltelijk overlappende 
neuropsychologische beperkingen ten grondslag liggen (Shaw et al., 2014).  
Zowel de evidentie uit de literatuur als de resultaten van onze studies zijn niet 
doorslaggevend met betrekking tot bovenstaande modellen. De resultaten van onze 
werkgeheugentaak zijn ten guste van het eerste model, maar kunnen ook aansluiten bij 
het derde model. Daartegenover spreken de resultaten van de ERP-studie tegen model 1 
omdat een link met verstoorde emotieregulatie enkel gevonden werd voor symptomen 
van hyperactiviteit-impulsiviteit en niet voor onoplettendheid. We kunnen echter niet 
afleiden of de resultaten meer bij model 2 of 3 aansluiten. Bovendien zijn de resultaten 
van de longitudinale studie moeilijk te interpreteren op een theoretisch niveau omdat 
deze studie zich toegespitst heeft op een fenotypisch niveau en niet gekeken heeft naar 
onderliggende neuropsychologische beperkingen. 
Model 3 sluit aan bij de tegenwoordig algemeen aanvaarde opvatting dat ADHD een 
heterogene stoornis is en dat deze heterogeniteit kan verklaard worden door het 
bestaan van diverse ontwikkelingspaden (e.g., Nigg, Goldsmith, & Sachek, 2004; Sonuga-
Barke, Bitsakou, et al., 2010). Aangezien onze resultaten laten zien dat kinderen met 
ADHD problemen ervaren met emotieregulatie en de huidige literatuur het belang van 
emotionele dysregulatie aantoont (bv. Anastopoulos et al., 2011; Shaw et al., 2014), zou 
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het een toegevoegde waarde betekenen om emotieregulatie (en reactiviteit) op te 
nemen in ontwikkelingspaden voor ADHD (zie ook Sjöwall et al., 2013). 
Methodologische implicaties 
Een aantal methodologische implicaties dienen vermeld te worden. Ten eerste is 
het belangrijk om cognitieve controle en emotieregulatie van elkaar te onderscheiden 
als er gewerkt wordt met experimentele taken met een cognitieve belasting. Doordat wij 
zowel een conditie zonder afleiding als een conditie met neutrale afleiding hadden in 
onze werkgeheugentaak konden wij conclusies trekken over de bijdrage van een 
algemeen interferentie-effect en de bijdrage van een specifiek emotioneel interferentie-
effect. Het onderscheiden van beide processen is belangrijk om meer inzicht te krijgen in 
onderlinge afhankelijkheid van cognitieve en emotionele controlemechanismen (zie 
theoretische implicaties hierboven). 
Ten tweede is het paradigma voor het bestuderen van de modulatie van de respons 
in de huidige vorm, zonder joystick nooit eerder gebruikt bij kinderen. Onze studie 
valideert het gebruik van dit specifieke paradigma bij kinderen aangezien de verwachte 
congruentie-effecten gevonden werden, met een vertraging van de reactietijden 
wanneer kinderen moesten ingaan tegen hun automatische responstendensen. 
Belangrijk om op te merken is dat onze studie eveneens aantoonde dat de volgorde van 
de condities een effect had op het congruentie-effect. Dit suggereert dat kinderen leren 
gedurende de taak en daarom is het belangrijk om effecten van volgorde in rekening te 
brengen bij analyse en interpretatie van de resultaten van dit paradigma. Deze 
resultaten roepen op om deze volgorde-effecten verder te onderzoeken en 
aanpassingen te doen aan de taak om het leereffect te verminderen. 
Ten derde laat dit proefschrift de toegevoegde waarde zien van ERP-metingen in de 
studie naar emotieregulatie bij kinderen. In onze gedragsstudies kon geen 
emotieregulatieprobleem vastgesteld worden bij kinderen met ADHD terwijl dit wel het 
geval was met de ERP-studie. Het blijkt dus waardevol te zijn om een neurale index op te 
nemen om onderliggende coverte processen van emotieregulatie in kaart te brengen en 
mogelijks compenserende mechanismen te omzeilen (Banaschewski & Brandeis, 2007; 
López-Martín et al., 2015; Passarotti et al., 2010a). Dit proefschrift roept echter ook op 
tot voorzichtigheid bij het gebruik van de LPP als neurale maat voor emotieregulatie bij 
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lagereschoolkinderen. In onze ADHD-studie werd namelijk een grote variabiliteit 
opgemerkt tussen de kinderen met ADHD, maar ook tussen de TO-kinderen. Het 
verwachte modulatie-effect bleef bovendien uit op groepsniveau. Een mogelijke 
verklaring hiervoor, die vanuit de literatuur geopperd wordt, is de leeftijd van de 
kinderen (DeCicco, O'Toole, & Dennis, 2014). Overeenkomstig de literatuur werd in onze 
studie met een grotere steekproef van enkel TO-kinderen een lineair positief effect 
gevonden van leeftijd op de LPP-modulatie. Een betrouwbaar modulatie-effect werd pas 
gevonden vanaf 12 jaar en dus is voorzichtigheid geboden bij het interpreteren van LPP-
modulatie als index voor emotieregulatie bij kinderen jonger dan 12 jaar. Desondanks 
kon in deze jonge leeftijdsgroep een onderscheid gemaakt worden tussen kinderen met 
en zonder ADHD op basis van LPP-modulatie. Om de neurale index verder te valideren 
werden correlaties berekend met zelfgerapporteerde herwaardering. De resultaten van 
deze correlaties waren inconsistent: in de studie met kinderen met ADHD werden 
positieve correlaties gevonden tussen LPP-modulatie en zelfgerapporteerde 
herwaardering terwijl in de studie met de grotere steekproef van TO-kinderen geen 
correlaties gevonden werden. De bruikbaarheid van de LPP in de studie naar 
emotieregulatie bij klinische groepen van kinderen vergt verder onderzoek. 
Klinische implicaties 
Dat het huidige doctoraatsonderzoek geen globaal emotieregulatiedeficit kon 
aantonen bij kinderen met ADHD betekent niet dat het niet zinvol is om emotieregulatie 
op te nemen in interventieprogramma’s. We vonden namelijk wel een beperking in 
cognitieve herwaardering bij kinderen met ADHD. Dit suggereert dat cognitieve 
technieken, waarbij kinderen wordt aangeleerd om anders te denken en situaties te 
herwaarderen, een positief effect zouden kunnen hebben voor sommige kinderen met 
ADHD. Daarnaast lieten onze resultaten ook zien dat een deel van de 
emotieregulatieproblemen mogelijks te wijten is aan een algemeen EF-probleem, wat 
eveneens een mogelijk doel kan zijn in interventies bij kinderen met ADHD. Er is echter 
vandaag de dag nog weinig geweten over de effectiviteit van verschillende 
behandelprogramma’s op emotionele dysregulatie (Shaw et al., 2014; Sonuga-Barke et 
al., 2013). Gezien de heterogeniteit van ADHD is het aan te raden een individueel 
behandelplan op te stellen, afgestemd op de specifieke emotieregulatieproblemen van 
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het kind. Hiervoor is een nauwkeurige vaststelling nodig van de emotieregulatie-
vaardigheden vooraleer een interventie kan worden geïmplementeerd. Ten slotte 
hebben we aangetoond dat emotionele dysregulatie een voorspellende waarde heeft 
voor latere symptomen van ADHD. Een focus op het verbeteren van de 
emotieregulatievaardigheden in vroege interventie kan een heilzaam effect hebben bij 
kinderen met een risico op ADHD.  
Niet enkel voor interventie, maar ook voor vroege identificatie van kinderen met 
een risico voor ADHD is emotieregulatie belangrijk. De specifieke combinatie van 
prikkelbaarheid en emotieregulatie bleek een unieke voorspeller voor symptomen van 
ADHD en kan van nut zijn in het discrimineren van het risico voor ADHD en 
gedragsproblemen. Aangezien slechts een percentage van de variantie verklaard werd 
door emotionele dysregulatie is het echter niet voldoende om enkel emotionele 
dysregulatie te gebruiken als vroege screener voor ADHD.  
CONCLUSIE 
Dit doctoraatsonderzoek toont de belangrijke rol van emotieregulatie voor (de 
ontwikkeling van) ADHD. De resultaten wijzen niet in de richting van een globaal 
verstoorde emotieregulatie over verschillende strategieën heen, maar specifiek naar een 
beperkte cognitieve herwaardering bij kinderen met ADHD. Dit impliceert dat focussen 
op het verbeteren van de cognitieve herwaardering in behandelprogramma’s positieve 
effecten kan hebben bij sommige kinderen met ADHD. Daarnaast wijzen de resultaten 
van de longitudinale studie er op dat de interactie tussen prikkelbaarheid en 
emotieregulatie het voorkomen van ADHD-symptomen op latere leeftijd voorspelt, 
terwijl gedragsproblemen of emotionele problemen hier niet door voorspeld worden. 
Het zou daarom een toegevoegde waarde betekenen om emotionele dysregulatie op te 
nemen in vroegdetectiemodellen en vroege interventieprogramma’s. 
 
 
 
  NEDERLANDSTALIGE SAMENVATTING 
 175 
REFERENCES 
Aldao, A., Nolen-Hoeksema, S., & Schweizer, S. (2010). Emotion-regulation strategies 
across psychopathology: A meta-analytic review. Clinical Psychology Review, 30(2), 
217-237. doi:10.1016/j.cpr.2009.11.004 
American Psychiatric Association. (2000). Diagnostic and statistical manual of mental 
disorders (4th ed., text rev.). Washington, DC: Author. 
American Psychiatric Association. (2013). Diagnostic and statistical manual of Mental 
Disorders (5th ed.). Washington, DC: Author. 
Anastopoulos, A. D., Smith, T. F., Garrett, M. E., Morrissey-Kane, E., Schatz, N. K., 
Sommer, J. L., . . . Ashley-Koch, A. (2011). Self-Regulation of emotion, functional 
impairment, and comorbidity among children with AD/HD. Journal of Attention 
Disorders, 15(7), 583-592. doi:10.1177/1087054710370567 
Auerbach, J. G., Berger, A., Atzaba-Poria, N., Arbelle, S., Cypin, N., Friedman, A., & 
Landau, R. (2008). Temperament at 7, 12, and 25 months in children at familial risk 
for ADHD. Infant and Child Development, 17(4), 321-338. doi:10.1002/icd.579 
Banaschewski, T., & Brandeis, D. (2007). Annotation: What electrical brain activity tells 
us about brain function that other techniques cannot tell us - a child psychiatric 
perspective. Journal of Child Psychology and Psychiatry, 48(5), 415-435. 
doi:10.1111/j.1469-7610.2006.01681.x 
Banaschewski, T., Jennen-Steinmetz, C., Brandeis, D., Buitelaar, J. K., Kuntsi, J., Poustka, 
L., . . . Asherson, P. (2012). Neuropsychological correlates of emotional lability in 
children with ADHD. Journal of Child Psychology and Psychiatry, 53(11), 1139-1148. 
doi:10.1111/j.1469-7610.2012.02596.x 
Barkley, R. A. (1997). Behavioral inhibition, sustained attention, and executive functions: 
Constructing a unifying theory of ADHD. Psychological Bulletin, 121(1), 65-94. 
doi:10.1037/0033-2909.121.1.65 
Barkley, R. A., & Murphy, K. R. (2010). Deficient emotional self-regulation in children and 
adults with attention deficit/hyperactivity disorder. Journal of ADHD and Related 
Disorders, 1(4), 5-29.  
Belden, A. C., Pagliaccio, D., Murphy, E. R., Luby, J. L., & Barch, D. M. (2015). Neural 
activation during cognitive emotion regulation in previously depressed compared to 
healthy children: Evidence of specific alterations. Journal of the American Academy 
of Child and Adolescent Psychiatry, 54(9), 771-781. doi:10.1016/j.jaac.2015.06.014 
NEDERLANDSTALIGE SAMENVATTING 
 176 
Berlin, L., Bohlin, G., Nyberg, L., & Janols, L. O. (2004). How well do measures of 
inhibition and other executive functions discriminate between children with ADHD 
and controls? Child Neuropsychology, 10(1), 1-13.  
Biederman, J., Spencer, T., Lomedico, A., Day, H., Petty, C. R., & Faraone, S. V. (2012). 
Deficient emotional self-regulation and pediatric attention deficit hyperactivity 
disorder: A family risk analysis. Psychological Medicine, 42(3), 639-646. 
doi:10.1017/s0033291711001644 
Braet, C., Theuwis, L., Van Durme, K., Vandewalle, J., Vandevivere, E., Wante, L., . . . 
Goossens, L. (2014). Emotion regulation in children with emotional problems. 
Cognitive Therapy and Research, 38(5), 493-504. doi:10.1007/s10608-014-9616-x 
Campos, J. J., Frankel, C. B., & Camras, L. (2004). On the nature of emotion regulation. 
Child Development, 75(2), 377-394. doi:10.1111/j.1467-8624.2004.00681.x 
Carthy, T., Horesh, N., Apter, A., Edge, M. D., & Gross, J. J. (2010). Emotional reactivity 
and cognitive regulation in anxious children. Behaviour Research and Therapy, 48(5), 
384-393. doi:10.1016/j.brat.2009.12.013 
Castellanos, F. X., Sonuga-Barke, E. J., Milham, M. P., & Tannock, R. (2006). 
Characterizing cognition in ADHD: Beyond executive dysfunction. Trends in Cognitive 
Sciences, 10(3), 117-123. doi:10.1016/j.tics.2006.01.011 
Cole, P. M., Martin, S. E., & Dennis, T. A. (2004). Emotion regulation as a scientific 
construct: Methodological challenges and directions for child development 
research. Child Development, 75(2), 317-333. doi:10.1111/j.1467-
8624.2004.00673.x 
DeCicco, J. M., O'Toole, L. J., & Dennis, T. A. (2014). The late positive potential as a 
neural signature for cognitive reappraisal in children. Developmental 
Neuropsychology, 39(7), 497-515. doi:10.1080/87565641.2014.959171 
Dennis, T. A. (2010). Neurophysiological markers for child emotion regulation from the 
perspective of emotion-cognition integration: Current directions and future 
challenges. Developmental Neuropsychology, 35(2), 212-230. 
doi:10.1080/87565640903526579 
Dennis, T. A., & Hajcak, G. (2009). The late positive potential: A neurophysiological 
marker for emotion regulation in children. Journal of Child Psychology and 
Psychiatry, 50(11), 1373-1383. doi:10.1111/j.1469-7610.2009.02168.x 
Dennis, T. A., Malone, M. M., & Chen, C. (2009). Emotional face processing and emotion 
regulation in children: An ERP study. Developmental Neuropsychology, 34(1), 85-
102. doi:10.1080/87565640802564887 
  NEDERLANDSTALIGE SAMENVATTING 
 177 
Dougherty, L. R., Smith, V. C., Bufferd, S. J., Stringaris, A., Leibenluft, E., Carlson, G. A., & 
Klein, D. N. (2013). Preschool irritability: Longitudinal associations with psychiatric 
disorders at age 6 and parental psychopathology. Journal of the American Academy 
of Child and Adolescent Psychiatry, 52(12), 1304-1313. 
doi:10.1016/j.jaac.2013.09.007 
Eisenberg, N., Fabes, R. A., Guthrie, I. K., & Reiser, M. (2000). Dispositional emotionality 
and regulation: Their role in predicting quality of social functioning. Journal of 
Personality and Social Psychology, 78(1), 136-157. doi:10.1037//0022-3514.66.4.776 
Eisenberg, N., Valiente, C., Spinrad, T. L., Liew, J., Zhou, Q., Losoya, S. H., . . . 
Cumberland, A. (2009). Longitudinal relations of children's effortful control, 
impulsivity, and negative emotionality to their externalizing, internalizing, and co-
occurring behavior problems. Developmental Psychology, 45(4), 988-1008. 
doi:10.1037/a0016213 
Frick, P. J., & Morris, A. S. (2004). Temperament and developmental pathways to 
conduct problems. Journal of Clinical Child and Adolescent Psychology, 33(1), 54-68. 
doi:10.1207/S15374424JCCP3301_6 
Garnefski, N., Rieffe, C., Jellesma, F., Terwogt, M. M., & Kraaij, V. (2007). Cognitive 
emotion regulation strategies and emotional problems in 9 - 11-year-old children: 
The development of an instrument. European Journal of Child and Adolescent 
Psychiatry, 16(1), 1-9. doi:10.1007/s00787-006-0562-3 
Gross, J. J. (1998). The emerging field of emotion regulation: An integrative review. 
Review of General Psychology, 2(3), 271-299. doi:10.1037/1089-2680.2.3.271 
Gross, J. J. (2015). The extended process model of emotion regulation: Elaborations, 
applications, and future directions. Psychological Inquiry, 26(1), 130-137. 
doi:10.1080/1047840x.2015.989751 
Gross, J. J., & Thompson, R. A. (2007). Emotion regulation: Conceptual Foundations. In J. 
J. Gross (Ed.), Handbook of emotion regulation (pp. 3-24). New York, NY: The 
Guilford Press. 
Gurevitz, M., Geva, R., Varon, M., & Leitner, Y. (2014). Early markers in infants and 
toddlers for development of ADHD. Journal of Attention Disorders, 18(1), 14-22. 
doi:10.1177/1087054712447858 
Healey, D. M., Marks, D. J., & Halperin, J. M. (2011). Examining the interplay among 
negative emotionality, cognitive functioning, and attention deficit/hyperactivity 
disorder symptom severity. Journal of the International Neuropsychological Society, 
17(3), 502-510. doi:10.1017/S1355617711000294 
NEDERLANDSTALIGE SAMENVATTING 
 178 
Hua, M. Z., Han, Z. R., & Zhou, R. L. (2015). Cognitive reappraisal in preschoolers: 
Neuropsychological evidence of emotion regulation from an ERP study. 
Developmental Neuropsychology, 40(5), 279-290. 
doi:10.1080/87565641.2015.1069827 
Jarrett, M. A., Gilpin, A. T., Pierucci, J. M., & Rondon, A. T. (2015). Cognitive and reactive 
control processes: Associations with ADHD symptoms in preschoolers. International 
Journal of Behavioral Development, 40(1), 53-57. doi:10.1177/0165025415575625 
Köchel, A., Leutgeb, V., & Schienle, A. (2014). Disrupted response inhibition toward facial 
anger cues in children with attention-deficit hyperactivity disorder (ADHD): An 
event-related potential study. Journal of Child Neurology, 29(4), 459-468. 
doi:10.1177/0883073813476139 
López-Martín, S., Albert, J., Fernández-Jaén, A., & Carretié, L. (2013). Emotional 
distraction in boys with ADHD: Neural and behavioral correlates. Brain and 
Cognition, 83(1), 10-20. doi:10.1016/j.bandc.2013.06.004 
López-Martín, S., Albert, J., Fernández-Jaén, A., & Carretié, L. (2015). Emotional response 
inhibition in children with attention-deficit/hyperactivity disorder: Neural and 
behavioural data. Psychological Medicine, 45(10), 2057-2071. 
doi:10.1017/s0033291714003195 
Maedgen, J. W., & Carlson, C. L. (2000). Social functioning and emotional regulation in 
the attention deficit hyperactivity disorder subtypes. Journal of Clinical Child 
Psychology, 29(1), 30-42. doi:10.1207/S15374424jccp2901_4 
Martel, M. M. (2009). Research review: A new perspective on attention-
deficit/hyperactivity disorder: Emotion dysregulation and trait models. Journal of 
Child Psychology and Psychiatry, 50(9), 1042-1051. doi:10.1111/j.1469-
7610.2009.02105.x 
Martel, M. M., Gremillion, M. L., & Roberts, B. (2012). Temperament and common 
disruptive behavior problems in preschool. Personality and Individal Differences, 
53(7), 874-879. doi:10.1016/j.paid.2012.07.011 
Martel, M. M., Gremillion, M. L., Roberts, B. A., Zastrow, B. L., & Tackett, J. L. (2014). 
Longitudinal prediction of the one-year course of preschool ADHD symptoms: 
Implications for models of temperament–ADHD associations. Personality and 
Individual Differences, 64, 58-61. doi:10.1016/j.paid.2014.02.018 
Martel, M. M., Roberts, B., & Gremillion, M. L. (2013). Emerging control and disruptive 
behavior disorders during early childhood. Developmental Neuropsychology, 38(3), 
153-166. doi:10.1080/87565641.2012.758731 
  NEDERLANDSTALIGE SAMENVATTING 
 179 
Morrell, J., & Murray, L. (2003). Parenting and the development of conduct disorder and 
hyperactive symptoms in childhood: A prospective longitudinal study from 2 months 
to 8 years. Journal of Child Psychology and Psychiatry, 44(4), 489-508. 
doi:10.1111/1469-7610.t01-1-00139 
Muris, P., & Ollendick, T. H. (2005). The role of temperament in the etiology of child 
psychopathology. Clinical Child and Family Psychology Review, 8(4), 271-289. 
doi:10.1007/s10567-005-8809-y 
Nigg, J. T. (2005). Neuropsychologic theory and findings in attention-deficit/hyperactivity 
disorder: The state of the field and salient challenges for the coming decade. 
Biological Psychiatry, 57(11), 1424-1435. doi:10.1016/j.biopsych.2004.11.011 
Nigg, J. T., Goldsmith, H. H., & Sachek, J. (2004). Temperament and attention deficit 
hyperactivity disorder: The development of a multiple pathway model. Journal of 
Clinical Child and Adolescent Psychology, 33(1), 42-53. 
doi:10.1207/S15374424JCCP3301_5 
Nijmeijer, J. S., Minderaa, R. B., Buitelaar, J. K., Mulligan, A., Hartman, C. A., & Hoekstra, 
P. J. (2008). Attention-deficit/hyperactivity disorder and social dysfunctioning. 
Clinical Psychology Review, 28(4), 692-708. doi:10.1016/j.cpr.2007.10.003 
Olson, S. L., Sameroff, A., Kerr, D. C. R., Lopez, N. L., & Wellman, H. M. (2005). 
Developmental foundations of externalizing problems in young children: The role of 
effortful control. Development and Psychopathology, 17(1), 25-45. 
doi:10.1017/s0954579405050029 
Passarotti, A. M., Sweeney, J. A., & Pavuluri, M. N. (2010a). Differential engagement of 
cognitive and affective neural systems in pediatric bipolar disorder and attention 
deficit hyperactivity disorder. Journal of the International Neuropsychological 
Society, 16(1), 106-117. doi:10.1017/S1355617709991019 
Passarotti, A. M., Sweeney, J. A., & Pavuluri, M. N. (2010b). Emotion processing 
influences working memory circuits in pediatric bipolar disorder and attention-
deficit hyperacticity disorder. Journal of the American Academy of Child and 
Adolescent Psychiatry, 49(10), 1064-1080. doi:10.1016/j.jaac.2010.07.009 
Polanczyk, G. V., Salum, G. A., Sugaya, L. S., Caye, A., & Rohde, L. A. (2015). Annual 
research review: A meta-analysis of the worldwide prevalence of mental disorders 
in children and adolescents. Journal of Child Psychology and Psychiatry, 56(3), 345-
365. doi:10.1111/jcpp.12381 
 
NEDERLANDSTALIGE SAMENVATTING 
 180 
Posner, J., Maia, T. V., Fair, D., Peterson, B. S., Sonuga-Barke, E. J., & Nagel, B. J. (2011). 
The attenuation of dysfunctional emotional processing with stimulant medication: 
An fMRI study of adolescents with ADHD. Psychiatry Research: Neuroimaging, 
193(3), 151-160. doi:10.1016/j.pscychresns.2011.02.005 
Posner, J., Nagel, B. J., Maia, T. V., Mechling, A., Oh, M., Wang, Z., & Peterson, B. S. 
(2011). Abnormal amygdalar activation and connectivity in adolescents with 
attention-deficit/hyperactivity disorder. Journal of the American Academy of Child 
and Adolescent Psychiatry, 50(8), 828-837. doi:10.1016/j.jaac.2011.05.010 
Rettew, D. C., & McKee, L. (2005). Temperament and its role in developmental 
psychopathology. Harvard Review of Psychiatry, 13(1), 14-27. 
doi:10.1080/10673220590923146 
Schmitt, K., Gold, A., & Rauch, U. A. (2012). Deficient adaptive regulation of emotion in 
children with ADHD. Zeitschrift Fur Kinder-Und Jugendpsychiatrie Und 
Psychotherapie, 40(2), 95-103. doi:10.1024/1422-4917/a000156 
Shaw, P., Stringaris, A., Nigg, J., & Leibenluft, E. (2014). Emotion dysregulation in 
attention deficit hyperactivity disorder. American Journal of Psychiatry, 171(3), 276-
293. doi:10.1176/appi.ajp.2013.13070966 
Sjöwall, D., Backman, A., & Thorell, L. B. (2015). Neuropsychological heterogeneity in 
preschool ADHD: Investigating the interplay between cognitive, affective and 
motivation-based forms of regulation. Journal of Abnormal Child Psychology, 43(4), 
669-680. doi:10.1007/s10802-014-9942-1 
Sjöwall, D., Roth, L., Lindqvist, S., & Thorell, L. B. (2013). Multiple deficits in ADHD: 
Executive dysfunction, delay aversion, reaction time variability, and emotional 
deficits. Journal of Child Psychology and Psychiatry, 54(6), 619-627. 
doi:10.1111/jcpp.12006 
Skirrow, C., McLoughlin, G., Kuntsi, J., & Asherson, P. (2009). Behavioral, neurocognitive 
and treatment overlap between attention-deficithyperactivity disorder and mood 
instability. Expert Review of Neurotherapeutics, 9(4), 489-503. doi:0.1586/ERN.09.2 
Sobanski, E., Banaschewski, T., Asherson, P., Buitelaar, J., Chen, W., Franke, B., . . . 
Faraone, S. V. (2010). Emotional lability in children and adolescents with attention 
deficit/hyperactivity disorder (ADHD): Clinical correlates and familial prevalence. 
Journal of Child Psychology and Psychiatry, 51(8), 915-923. doi:10.1111/j.1469-
7610.2010.02217.x 
 
  NEDERLANDSTALIGE SAMENVATTING 
 181 
Sonuga-Barke, E. J. S., Bitsakou, P., & Thompson, M. (2010). Beyond the dual pathway 
model: Evidence for the dissociation of timing, inhibitory, and delay-related 
impairments in attention-deficit/hyperactivity disorder. Journal of the American 
Academy of Child and Adolescent Psychiatry, 49(4), 345-355. 
doi:10.1016/j.jaac.2009.12.018 
Sonuga-Barke, E. J. S., Brandeis, D., Cortese, S., Daley, D., Ferrin, M., Holtmann, M., . . . 
European ADHD Guidelines Group. (2013). Nonpharmacological interventions for 
ADHD: Systematic review and meta-analyses of randomized controlled trials of 
dietary and psychological treatments. American Journal of Psychiatry, 170(3), 275-
289. doi:10.1176/appi.ajp.2012.12070991 
Sonuga-Barke, E. J. S., Wiersema, J. R., van der Meere, J. J., & Roeyers, H. (2010). Context 
dependent-dynamic processes in attention deficit/hyperactivity disorder: 
Differentiating common and unique effects of state regulation deficits and delay 
aversion. Neuropsychology Review, 20(1), 86-102.  
Stringaris, A., & Goodman, R. (2009). Mood lability and psychopathology in youth. 
Psychological Medicine, 39(8), 1237-1245. doi:10.1017/S0033291708004662 
Stringaris, A., Maughan, B., & Goodman, R. (2010). What's in a disruptive disorder? 
Temperamental antecedents of oppositional defiant disorder: Findings from the 
Avon Longitudinal Study. Journal of the American Academy of Child and Adolescent 
Psychiatry, 49(5), 474-483. doi:10.1016/j.jaac.2010.01.021 
Sullivan, E. L., Holton, K. F., Nousen, E. K., Barling, A. N., Sullivan, C. A., Propper, C. B., & 
Nigg, J. T. (2015). Early identification of ADHD risk via infant temperament and 
emotion regulation: A pilot study. Journal of Child Psychology and Psychiatry, 56(9), 
949-957. doi:10.1111/jcpp.12426 
Surman, C. B. H., Biederman, J., Spencer, T., Yorks, D., Miller, C. A., Petty, C. R., & 
Faraone, S. V. (2011). Deficient emotional self-regulation and adult attention deficit 
hyperactivity disorder: A family risk analysis. American Journal of Psychiatry, 168(6), 
617-623. doi:10.1176/appi.ajp.2010.10081172 
Thompson, R. A. (1994). Emotion regulation: A theme in search of definition. 
Monographs of the Society for Research in Child Development, 59(2-3), 25-52. 
doi:10.1111/j.1540-5834.1994.tb01276.x  
Wakschlag, L. S., Estabrook, R., Petitclerc, A., Henry, D., Burns, J. L., Perlman, S. B., . . . 
Briggs-Gowan, M. L. (2015). Clinical implications of a dimensional approach: The 
normal:abnormal spectrum of early irritability. Journal of the American Academy of 
Child and Adolescent Psychiatry, 54(8), 626-634. doi:10.1016/j.jaac.2015.05.016 
NEDERLANDSTALIGE SAMENVATTING 
 182 
Wehmeier, P. M., Schacht, A., & Barkley, R. A. (2010). Social and emotional impairment 
in children and adolescents with ADHD and the impact on quality of life. Journal of 
Adolescent Health, 46(3), 209-217. doi:10.1016/j.jadohealth.2009.09.009 
Zelazo, P. D., & Cunningham, W. A. (2007). Executive function: Mechanisms underlying 
emotion regulation. In J. J. Gross (Ed.), Handbook of emotion regulation (pp. 135-
158). New York, NY: Guilford Press. 
Zeman, J., Cassano, M., Perry-Parrish, C., & Stegall, S. (2006). Emotion regulation in 
children and adolescents. Journal of Developmental and Behavioral Pediatrics, 27(2), 
155-168. doi:10.1097/00004703-200604000-00014.x 
 
 183 
DATA STORAGE FACT SHEETS 
 
DATA STORAGE FACT SHEET CHAPTER 2 
 
Name/identifier study: E-n-back task (Chapter 2) 
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2. Information about the datasets to which this sheet applies  
=========================================================== 
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* Which datasets in that publication does this sheet apply to?:  
All the data used in the publication/chapter 
 
3. Information about the files that have been stored 
=========================================================== 
3a. Raw data 
----------------------------------------------------------- 
* Have the raw data been stored by the main researcher? [x] YES / [ ] NO 
If NO, please justify: 
 
* On which platform are the raw data stored? 
  - [x] researcher PC 
  - [ ] research group file server 
  - [x] other (specify): external hard drive 
 
* Who has direct access to the raw data (i.e., without intervention of another person)? 
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  - [x] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
  - [ ] other (specify): ... 
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----------------------------------------------------------- 
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  - [x] file(s) describing the transition from raw data to reported results. Specify: excel-
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  - [x] file(s) containing analyses. Specify: output-files from SPSS 
  - [x] files(s) containing information about informed consent: a blank copy of the IC for 
parent and child 
  - [x] a file specifying legal and ethical provisions: the documents that were submitted to 
the Ethical Commission 
  - [ ] file(s) that describe the content of the stored files and how this content should be 
interpreted. Specify: ...  
  - [ ] other files. Specify: ... 
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=========================================================== 
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* If yes, by whom (add if multiple): 
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   - address:  
   - affiliation:  
   - e-mail:  
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3. Information about the files that have been stored 
=========================================================== 
3a. Raw data 
----------------------------------------------------------- 
* Have the raw data been stored by the main researcher? [x] YES / [ ] NO 
If NO, please justify: 
 
* On which platform are the raw data stored? 
  - [x] researcher PC 
  - [ ] research group file server 
  - [x] other (specify): external hard drive 
 
* Who has direct access to the raw data (i.e., without intervention of another person)? 
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  - [ ] all members of UGent 
  - [ ] other (specify): ... 
    
3b. Other files 
----------------------------------------------------------- 
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  - [x] file(s) containing analyses. Specify: output-files from SPSS 
  - [x] files(s) containing information about informed consent: a blank copy of the IC for 
parent and child 
  - [x] a file specifying legal and ethical provisions: the documents that were submitted to 
the Ethical Commission 
  - [ ] file(s) that describe the content of the stored files and how this content should be 
interpreted. Specify: ...  
  - [ ] other files. Specify: ... 
     
* On which platform are these other files stored?  
  - [x] individual PC 
  - [ ] research group file server 
  - [x] other: external hard drive   
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* Who has direct access to these other files (i.e., without intervention of another 
person)?  
  - [x] main researcher 
  - [x] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
  - [ ] other (specify): ...     
 
4. Reproduction  
=========================================================== 
* Have the results been reproduced independently?: [ ] YES / [x] NO 
 
* If yes, by whom (add if multiple): 
   - name:  
   - address:  
   - affiliation:  
   - e-mail: 
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DATA STORAGE FACT SHEET CHAPTER 4 
 
Name/identifier study: LPP in ADHD (Chapter 4) 
Author: Valerie Van Cauwenberge 
Date: 08/06/2016 
 
1. Contact details 
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1a. Main researcher 
----------------------------------------------------------- 
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1b. Responsible Staff Member (ZAP)  
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2. Information about the datasets to which this sheet applies  
=========================================================== 
* Reference of the publication in which the datasets are reported:  
Van Cauwenberge, V. (2016). “To make a molehill out of a mountain”: An ERP-study on 
cognitive reappraisal of negative pictures in children with and without ADHD 
(Doctoral dissertation). Ghent University, Ghent, Belgium. 
 
* Which datasets in that publication does this sheet apply to?:  
All the data used in the chapter 
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3. Information about the files that have been stored 
=========================================================== 
3a. Raw data 
----------------------------------------------------------- 
* Have the raw data been stored by the main researcher? [x] YES / [ ] NO 
If NO, please justify: 
 
* On which platform are the raw data stored? 
  - [x] researcher PC 
  - [ ] research group file server 
  - [x] other (specify): external hard drive 
 
* Who has direct access to the raw data (i.e., without intervention of another person)? 
  - [x] main researcher 
  - [x] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
  - [x] other (specify): all members of the research group conducting EEG research 
    
3b. Other files 
----------------------------------------------------------- 
* Which other files have been stored? 
  - [x] file(s) describing the transition from raw data to reported results. Specify: excel-
files with decisions EEG-analyses, BrainVision Analyzer history files and SPSS syntax 
files 
  - [x] file(s) containing processed data. Specify: SPSS-files and BrainVision Analyzer 
history files and export files (in txt and excel) 
  - [x] file(s) containing analyses. Specify: output-files from SPSS 
  - [x] files(s) containing information about informed consent: a blank copy of the IC for 
parent and child 
  - [x] a file specifying legal and ethical provisions: the documents that were submitted to 
the Ethical Commission 
  - [ ] file(s) that describe the content of the stored files and how this content should be 
interpreted. Specify: ...  
  - [ ] other files. Specify: ... 
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* On which platform are these other files stored?  
  - [x] individual PC 
  - [ ] research group file server 
  - [x] other: external hard drive   
 
* Who has direct access to these other files (i.e., without intervention of another 
person)?  
  - [x] main researcher 
  - [x] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
  - [ ] other (specify): ...     
 
4. Reproduction  
=========================================================== 
* Have the results been reproduced independently?: [ ] YES / [x] NO 
 
* If yes, by whom (add if multiple): 
   - name:  
   - address:  
   - affiliation:  
   - e-mail: 
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DATA STORAGE FACT SHEET CHAPTER 5 
 
Name/identifier study: development LPP (Chapter 5) 
Author: Valerie Van Cauwenberge 
Date: 08/06/2016 
 
1. Contact details 
=========================================================== 
1a. Main researcher 
----------------------------------------------------------- 
- name: Valerie Van Cauwenberge 
- address: Henri Dunantlaan 2, 9000 Gent 
- e-mail: Valerie.VanCauwenberge@UGent.be 
 
1b. Responsible Staff Member (ZAP)  
----------------------------------------------------------- 
- name: Roeljan Wiersema 
- address: Henri Dunantlaan 2, 9000 Gent 
- e-mail: Roeljan.Wiersema@UGent.be 
 
If a response is not received when using the above contact details, please send an email 
to data.pp@ugent.be or contact Data Management, Faculty of Psychology and 
Educational Sciences, Henri Dunantlaan 2, 9000 Ghent, Belgium. 
 
2. Information about the datasets to which this sheet applies  
=========================================================== 
* Reference of the publication in which the datasets are reported:  
Van Cauwenberge, V. (2016). Developmental changes in neural correlates of cognitive 
reappraisal: An ERP study using the late positive potential (Doctoral dissertation). 
Ghent University, Ghent, Belgium. 
 
* Which datasets in that publication does this sheet apply to?: 
All the data used in the chapter 
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3. Information about the files that have been stored 
=========================================================== 
3a. Raw data 
----------------------------------------------------------- 
* Have the raw data been stored by the main researcher? [x] YES / [ ] NO 
If NO, please justify: 
 
* On which platform are the raw data stored? 
  - [x] researcher PC 
  - [ ] research group file server 
  - [x] other (specify): external hard drive 
 
* Who has direct access to the raw data (i.e., without intervention of another person)? 
  - [x] main researcher 
  - [x] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
  - [x] other (specify): all members of the research group conducting EEG research 
    
3b. Other files 
----------------------------------------------------------- 
* Which other files have been stored? 
  - [x] file(s) describing the transition from raw data to reported results. Specify: excel-
files with decisions EEG-analyses, BrainVision Analyzer history files and SPSS syntax 
files 
  - [x] file(s) containing processed data. Specify: SPSS-files and BrainVision Analyzer 
history files and export files (in txt and excel) 
  - [x] file(s) containing analyses. Specify: output-files from SPSS 
  - [x] files(s) containing information about informed consent: a blank copy of the IC for 
parent and child 
  - [x] a file specifying legal and ethical provisions: the documents that were submitted to 
the Ethical Commission  
  - [ ] file(s) that describe the content of the stored files and how this content should be 
interpreted. Specify: ...  
  - [ ] other files. Specify: ... 
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* On which platform are these other files stored?  
  - [x] individual PC 
  - [ ] research group file server 
  - [x] other: external hard drive   
 
* Who has direct access to these other files (i.e., without intervention of another 
person)?  
  - [x] main researcher 
  - [x] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
  - [ ] other (specify): ...     
 
4. Reproduction  
=========================================================== 
* Have the results been reproduced independently?: [ ] YES / [x] NO 
 
* If yes, by whom (add if multiple): 
   - name:  
   - address:  
   - affiliation:  
   - e-mail: 
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DATA STORAGE FACT SHEET CHAPTER 6 
 
Name/identifier study: JOnG!-0 (Chapter 6) 
Author: Valerie Van Cauwenberge 
Date: 08/06/2016 
 
1. Contact details 
=========================================================== 
1a. Main researcher 
----------------------------------------------------------- 
- name: Valerie Van Cauwenberge 
- address: Henri Dunantlaan 2, 9000 Gent 
- e-mail: Valerie.VanCauwenberge@UGent.be 
 
1b. Responsible Staff Member (ZAP)  
----------------------------------------------------------- 
- name: Roeljan Wiersema 
- address: Henri Dunantlaan 2, 9000 Gent 
- e-mail: Roeljan.Wiersema@UGent.be 
 
If a response is not received when using the above contact details, please send an email 
to data.pp@ugent.be or contact Data Management, Faculty of Psychology and 
Educational Sciences, Henri Dunantlaan 2, 9000 Ghent, Belgium. 
 
2. Information about the datasets to which this sheet applies  
=========================================================== 
* Reference of the publication in which the datasets are reported:  
Van Cauwenberge, V. (2016). Emotional reactivity and regulation as precursors of 
externalizing problems in early childhood: Shared and distinct effects for symptoms 
of attention-deficit/hyperactivity disorder and conduct problems (Doctoral 
dissertation). Ghent University, Ghent, Belgium. 
 
* Which datasets in that publication does this sheet apply to?:  
All the data used in the chapter 
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3. Information about the files that have been stored 
=========================================================== 
3a. Raw data 
----------------------------------------------------------- 
* Have the raw data been stored by the main researcher? [x] YES / [ ] NO 
If NO, please justify: 
 
* On which platform are the raw data stored? 
  - [x] researcher PC 
  - [ ] research group file server 
  - [x] other (specify): external hard drives 
 
* Who has direct access to the raw data (i.e., without intervention of another person)? 
  - [x] main researcher 
  - [x] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
  - [x] other (specify): all invloved researchers (and supervisors) of the JOnG!-project 
    
3b. Other files 
----------------------------------------------------------- 
 
* Which other files have been stored? 
  - [x] file(s) describing the transition from raw data to reported results. Specify: 
wordfiles with coding scheme and syntax and SPSS syntax files 
  - [x] file(s) containing processed data. Specify: excel-files (with coded data) and SPSS-
files 
  - [x] file(s) containing analyses. Specify: output-files from SPSS and R (in txt) 
  - [x] files(s) containing information about informed consent: a blank file of the informed 
consent form for the last questionnaire 
  - [x] a file specifying legal and ethical provisions: the documents that were submitted to 
the Ethical Commission for the taks administered at 24M and the last questionnaire 
  - [x] file(s) that describe the content of the stored files and how this content should be 
interpreted. Specify: word- and excel-files with overviews or codebook 
  - [ ] other files. Specify: ... 
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* On which platform are these other files stored?  
  - [x] individual PC 
  - [ ] research group file server 
  - [x] other: external hard drive   
 
* Who has direct access to these other files (i.e., without intervention of another 
person)?  
  - [x] main researcher 
  - [x] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
  - [ ] other (specify): ...     
 
4. Reproduction  
=========================================================== 
* Have the results been reproduced independently?: [ ] YES / [x] NO 
 
* If yes, by whom (add if multiple): 
   - name:  
   - address:  
   - affiliation:  
   - e-mail: 
 
